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INTRODUCTION

The discovery of novel antimicrobial agents that work by novel mechanisms is a

10 problem researchers in all fields of drug development face today. The increasing

prevalence of drug-resistant pathogens (bacteria, fungi, parasites, etc.) has led to

significantly higher mortality rates from infectious diseases and currently presents a serious

crisis worldwide. Despite the introduction of second and third generation antimicrobial

drugs, certain pathogens have developed resistance to all currently available dmgs.

15 One of the problems contributing to the development of multiple drug resistant

pathogens is the limited number of protein targets for antimicrobial drugs. Many of the

antibiotics currently in use are structurally related or act through common targets or

pathways. Accordingly, adaptive mutation of a single gene may render a pathogenic

species resistant to multiple classes of antimicrobial dmgs. Therefore, the rapid discovery

-1-
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of drug targets is urgently needed in order to combat the constantly evolving threat by such

infectious microorganisms.

Recent advances in bacterial and viral genomics research provides an opportunity

for rapid progress in the identification of drug targets. The complete genomic sequences

for a number of microorganisms are available. However, knowledge of the complete

genomic sequence is only the first step in a long process toward discovery of a viable drug

target. The genomic sequence must be annotated to identify open reading frames (ORFs),

the essentiality of the protein encoded by the ORF must be determined and the mechanism

of action of the gene product must be determined in order to develop a targeted approach to

drug discovery.

There are a variety of computer programs available to annotate genomic sequences.

Genome annotation involves both identification of genes as well assignment of flmction

thereto based on sequence comparison to homologous proteins with known or predicted

functions. However, genome annotation has turned out to be much more of an art than a

science. Factors such as splice variants and sequencing errors coupled with the particular

algorithms and databases used to annotate the genome can result in significantly different

annotations for the same genome. For example, upon reanalysis of the genome of

Mycoplasma pneumoniae using more rigorous sequence comparisons coupled with

molecular biological techniques, such as gel electrophoresis and mass spectrometry,

reseM-chers were able to identify several previously unidentified coding sequences, to

dismiss a previous identified coding sequence as a likely pseudogene, and to adjust the

length of several previously defined ORFs (Dandkar et al. (2000) Nucl. Acids Res. 28(17):

3278-3288). Furthermore, while overall conservation between amino acid sequences

generally indicates a conservation of structure and function, specific changes at key

residues can lead to significant variation in the biochemical and biophysical properties of a

protein. In a comparison of three different functional annotations of the Mycoplasma

genitalium genome, it was discovered that some genes were assigned three different

ftmctions and it was estimated that the overall error rate in the annotations was at least 8%

(Brenner (1999) Trends Genet 15(4): 132-3). Accordingly, molecular biological techniques

are required to ensure proper genome annotation and identify valid drug targets.

However, confirmation of genome annotation using molecular biological techniques

is not an easy proposition due to the unpredictability m expression and purification of

polypeptide sequences. Further, in order to carry out structural studies to validate proteins
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as pot^tial drug targets, it is genearally necessary to modify the native proteins in order to

faciUtate these analyses, e.g., by labeUng the protein (e.g., with a heavy atom, isotopic

label, polypeptide tag, etc.) or by creating fragments of the polypeptide corresponding to

ftmctional domains of a multi-domain protein. Moreover, it is well-known tibiat even small

5 changes in the amino acid sequence of a protein may lead to dramatic affects on protein

solubiUty (Eberstadt et al. (1998) Nature 392: 941-945). Accordingly, genome-wide

validation of protein targets will require considerable effort even in Ught of the sequence of

the entire genome of an organism and/or purification conditions for homologs of a

particular target.

10 We have developed reUable, high throughput methods to address some of the

shortcomings identified above. In part, using these methods, we have now identified,

expressed, and purified a number of antimicrobial targets from S. aureus. H. influenzae, E.

coU, S. pneumoniae, E. faecalis and P. aeruginosa. Various biophysical, biomformatic and

biochemical studies have been used to characterize the polypeptides ofthe invention.

15

TABLE OF CONTENTS

RELATED APPLICATION INFORMATION

INTRODUCTION

TABLE OF CONTENTS •

20 SUMMARY OF THE INVENTION

BRIEF DESCRIPTION OF THE FIGURES

DETAILED DESCRIPTION OF THE INVENTION

1. Definitions

2. Polypeptides ofthe Invention

25 3. Nucleic Acids ofthe Invention

4. Homology Searching ofNucleotide arid Polypeptide Sequences..

5. Analysis ofProtein Properties •

(a) Analysis ofProteins by Mass Spectrometry

(b) Analysis ofProteins by Nuclear Magnetic Resonance (NMR)

30 (c) Analysis ofProteins byX-ray Crystallography

6. Interacting Proteins

7. Antibodies

8. Diagnostic Assays

-3-

..1

.. 1

..3

..4

..8

,23

.23

.40

.59

. 68

. 69

.69

. 71

. 78

.94

108

111



PCT/CA03/00481

9. Drug Discovery
; 214

(a) Drug Design r. 7/5
(b) In Vitro Assays 124
(c) In Vivo Assays j25

5 10, Vaccines 727

11. Array Analysis 229

12. Pharmaceutical Compositions 232

13. Antimicrobial Agents
^ 233

EXEMPLIFICATION I34

10 EXAMPLE 2 Isolation and Cloning ofNucleic Acid 234
EXAMPLE 2 Test Protein Expression and Solubility 239
EXAMPLE 3 Native Protein Expression 239
EXAMPLE 4 Expression ofSelmet Labeled Polypeptides 240
EXAMPLE 5 Expression of^^NLabeled Polypeptides 242

1 5 EXAMPLE 6 Method Onefor Purifying Polypeptides ofthe Invention 243
EXAMPLE 7Method Twofor Purifying Polypeptides ofthe Invention 244
EXAMPLE 8 Method Threefor Purifying Polypeptides ofthe Invention 245
EXAMPLE 9 Mass Spectrometry Analysis via Fingerprint Mapping 246
EXAMPLE 20 Mass Spectrometry Analysis via High Mass 248

20 EXAMPLE 11 Method Onefor Isolating and Identifying Interacting Proteins 149
EXAMPLE 12 Method Twofor Isolating and Identifying Interacting Proteins 154
EXAMPLE 13 Samplefor Mass Spectrometry ofInteracting Proteins 155
EXAMPLE 14 Mass Spectrometric Analysis ofInteracting Proteins 156
EXAMPLE 15 NMR Analysis 757

25 EXAMPLE 16X-ray Crystallography 258
EXAMPLE 2 7 Annotations 263
EXAMPLE 28 Essential Gene Analysis 264
EXAMPLE 29 PDB Analysis _Z 264
EXAMPLE 20 Virtual Genome Analysis 265

30 EXAMPLE 22 Epitopic Regions 266

EQUIVALENTS 166

CLAIMS ; 169

SUMMARY OF THE INVENTION

35 As part of an effort at genome-wide structural and functional characterization of

microbial targets, the present invention provides polypeptides from S, aureus, H,

influenzae^ E, coli, S. pneumoniae, E, faecalis and P, aeruginosa. In various aspects, the

invention provides the nucleic acid and amino acid sequences of polypeptides of the

invention. The invention also provides purified, soluble forms of polypeptides of the

40 invention suitable for stmctural and fimctional characterization using a variety of

techniques, including, for example, affinity chromatography, mass spectrometry, NMR and

-4-
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X-ray crystallography. The invention further provides modified versions of the

polypeptides of the invention to facilitate characterization, including polypeptides labeled

with isotopic or heavy atoms and fusion proteins. One or more crystallized forms of the

polypeptides of the invention may also be provided.

5 In general, polypeptides of the invention are expected to be involved in membrane

biogenesis. Because ofthe critical role that polypeptides with such functionaUty play in the

Ufe cycle and viability of their pathogenic species of origin, the polypeptides of the

invention are, among other things, valuable drug targets. The biological activities for

certain of the polypeptides of the invention are indicated in the following table, as described

10 in further detail below.

SEQ IDNOS 1 Bacterial Protein Annotation Gene
Designation

SEQ ID NO: 5
Qpfo TD "\rn- 7

p. UDP-N-acetylglucosamine 1-

carboxwinvl transferase 1

MURA

SEQ ID NO: 14

SEQ ID NO: 16

S. aureus UDP-N-acetylglucosamine 1-

carboxyvinyltransferase 1

MURA

SEQ ID NO: 25

PTP *r*MP-^-deoxv-D-niamio-

octulosonate transferase

KDSB

SEQ ID NO: 34

P
aeruginosa acetyhnuramoylalanyl-D-

elutamate-2, 6-

diaminopimelate ligase

MURE

SEQ ID NO: 41

SEQ ID NO: 43

iS. aureus D-alanine:D-alanine-adding

enzyme

MURF

SEQ ID NO: 50

SEQ ID NO: 52

P.

aeruginosa

D-alanine:D~alanine-adding

enzyme
MURF

SEQ ID NO: 59

SEQ ID NO: 61

E.faecalis D-alanine-D-alanine ligase ddlA

SEQ ID NO: 68

SEQ ID NO: 70
i

aeruginosa

UDP-N-
acetylpyruvoylglucosamine

reductase

MURB

SEQ ID NO: 77

SEQ ID NO: 79

S,

\

pneumoniae

UDP-N~acetylglucosamine 1-

carboxyvinyltransferase 1

MURA

SEQ ID NO: 86

SEQ ID NO: 88
1

E.faecalis UDP-N-acetylglucosamine

pyrophosphorylase

GLMU

SEQ ID NO: 95

SEQ ID NO: 97
1

E,faecalis UDP-N-
acetyhnuramoylalanine—D-

glutamate ligase

MURD

SEQ ID NO: 104

SEQ ID NO: 106

E, coli UDP-N-acetyl-

muramate:alanine ligase

MURC

SEQ ID NO: 113

1
SEQ ID NO: 115

Jti.

1

influenzae

aspartate semialdehyde

dehydrogenase

ASD

-5-
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SEQ IDNOS Bacterial

Species

Protein Annotation Gene
Designation

SEQ ID NO: 122

SEQ ID NO: 124

H.

influenzae

CTP:CMP-3-deoxy-D-manno-
octulosonate transferase

KDSB

SEQ ID NO: 131

SEQ ID NO: 133

H.

influenzae

UDP-N-
acetylenolpyruvoylglucosamin

e reductase

MURB

SEQ ID NO: 140

SEQ ID NO: 142

H.

influenzae

UDP-N-acetylglucosamine

pyrophosphorylase

GLMU

SEQ ID NO: 149

SEQ ID NO: 151

K
influenzae

UDP-N-
acetylmuramoylalanyl-D-

glutamate

MURE

SEQ ID NO: 158

SEQ ID NO: 160
H.

influenzae

UDP-N-
acetylmuramoylalaaine—D-

glutamate ligase

MURD

SEQ ID NO: 167

SEQ ID NO: 169

S. aureus UDP-N-acetylglucosamine

pyrophosphorylase

GLMU

The SEQ ID NOS identified in the table above refer to the amino acid sequences for

the indicated polypeptides, and such sequences are presented in fiill in the appended

Figures. Other biological activities ofpolypeptides of the invention are described herein, or

5 will be reasonably apparent to those skilled in the art in light ofthe present disclosure.

All of the information learned and described herein about the polypeptides of the

invention may be used to design modulators of one or more of their biological activities. In

particular, information critical to the design of therapeutic and diagnostic molecules,

including, for example, the protein domain, druggable regions, structural information, and

10 the hke for polypeptides of the invention is now available or attainable as a result of the

ability to prepare, purify and characterize them, and domains, fragments, variants and

derivatives thereof.

In other aspects of the invention, stmctural and functional information about the

polypeptides of the invention has and will be obtained. Such infomiation, for example,

15 may be incorporated into databases containing information on the polypeptides of the

invention, as well £is other polypeptide targets from other microbial species. Such

databases will provide investigators with a powerful tool to analyze the polypeptides of the

invention and aid in the rapid discovery and design oftherapeutic and diagnostic molecules.

In another aspect, modulators, inhibitors, agonists or antagonists against the

20 polypeptides of the invention, biological complexes containing them, or orthologues

thereto, may be used to treat any disease or other treatable condition of a patient (including

-6-
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humans and animals). In particular, diseases caused by the following pathogenic species

may be treated by any of such molecules:

Bacterial Species Diseases or Condition

S. aureus a furuncle, chronic furunculosis, impetigo, acute

osteomyelitis, pneumonia, endocarditis, scalded skin

syndrome, toxic shock syndrome, and food poisoning

E. coli urinary tract infection (e.g., cystitis or pyelonephritis),

colitis, hemorrhagic colitis, diarrhea, and meningitis

(particularly neonatal meningitis)

S. pneumoniae pneumonia, meningitis, sinusitis, otitis media,

endocarditis, arthritis, and peritonitis

P. aeruginosa osteomyelitis, otitis extema, conjunctivitis, keratitis,

endophthalmitis, alveolar necrosis, vascular invasion,

bacteremia, and bum infection

H. influenzae pneumonia, otitis media, sinusitis, conjunctivitis,

meningitis, epiglottitis, pneumonitis, cellulitis, septic

arthritis, and septicemia

E. faecalis urinary tract infection, surgical woxmd infection,

bacteremia, intra abdominal infection, pelvic infection,

central nervous system infection, osteomyeUtis,

pulmonary infection, and endocarditis

The present invention further allows relationships between polypeptides from the

5 same and multiple species to be conipared by isolating and studying the various

polypeptides of the invention and other proteins. By such comparison studies, which may

be multi-variable analysis as appropriate, it is possible to identify drugs that will affect

multiple species or dmgs that will affect one or a few species. In such a manner, so-called

*Vide spectrum" and "narrow spectrum" anti-infectives may be identified. Altematively,

10 drugs that are selective for one or more bacterial or other non-mammalian species, and not

for one or more mammalian species (especially hrunan), may be identified (and vice-versa).

In other embodiments, the invention contemplates kits including the subject nucleic

acids, polypeptides, crystallized polypeptides, antibodies, and other subject materials, and

optionally instructions for their use. Uses for such kits include, for example, diagnostic and

15 therapeutic apphcations.

The embodiments and practices of the present invention, other embodiments, and

their features and characteristics, will be apparent from the description, figures and claims

that follow, with all of the claims hereby being incorporated by this reference into this

Summary.

20

-7-
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BRIEF DESCRIPTION OF THE FIGURES

FIGURE 1 shows the nucleic acid coding sequence (SEQ ID NO: 4) for UDP-N-

acetylglucosamine l-carboxyvinyl transferase 1, with gene designation of MURA^ as

predicted from the genomic sequence of P. aeruginosa. This predicted nucleic acid coding

sequence was cloned and sequenced to produce the polynucleotide sequence shown in

FIGURE 3.

FIGURE 2 shows the amino acid sequence (SEQ ID NO: 5) for UDP-N-

acetylglucosamine 1 -carboxyvinyl transferase 1 {MURA) from P. aeruginosa, as predicted

from the nucleotide sequence SEQ ID NO: 4 shown in FIGURE 1

.

FIGURE 3 shows the experimentally determined nucleic acid coding sequence

(SEQ ID NO: 6) for UDP-N-acetylglucosamine 1-carboxyvinyl transferase 1 (MURA) from

P. aeruginosa, as described in EXAMPLE 1

.

FIGURE 4 shows the amino acid sequence (SEQ ID NO: 7) for UDP-N-

acetylglucosamine 1-carboxyvinyl transferase 1 (MURA) from P. aeruginosa, as predicted

from the experimentally determined nucleotide sequence SEQ ID NO: 6 shown in FIGURE

3.

FIGURE 5 shows the primer sequences used to amplify the nucleic acid of SEQ ID

NO: 6. The primers are SEQ ID NO: 8 and SEQ ID NO: 9.

FIGURE 6 contains TABLE 1, which provides among other things a variety of data

and othar information on UDP-N-acetylglucosamine 1-carboxyvinyl transferase 1 (MURA)

from P. aeruginosa.

FIGURE 7 contains TABLE 2, which provides the results of several bioinformatic

analyses relating to UDP-N-acetylglucosamine 1-carboxyvinyl transferase 1 (MURA) from

P. aeruginosa.

FIGURE 8 shows the nucleic acid coding sequence (SEQ ID NO: 13) for UDP-N-

acetylglucosamine 1 -carboxyvinyltransferase 1, with gene designation of MURA, as

predicted from the genomic sequence of & aureus. This predicted nucleic acid coding

sequence was cloned and sequenced to produce the polynucleotide sequence shown in

FIGURE 10.

FIGURE 9 shows the amino acid sequence (SEQ ID NO: 14) for UDP-N-

acetylglucosamine 1 -carboxyvinyltransferase 1 (MURA) from S. aureus, as predicted from

ttie nucleotide sequence SEQ ID NO: 13 shown in FIGURE 8.
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FIGURE 10 shows the experimentally detemmied nucleic acid coding sequence
(SEQ ID NO: 15) for UDP-N-acetylglucosamine 1 -carboxyvinyltransferase 1 (MURA)
from S. aureus, as described in EXAMPLE 1

.

FIGURE 11 shows the amino acid sequence (SEQ ID NO: 16) for UDP-N-
acetylglucosamine 1-carboxyvinyltransferase 1 (MURA) from S. aureus, as predicted from
the experimentally determined nucleotide sequence SEQ ID NO: 15 shown in FIGURE 10.

FIGURE 12 shows the primer sequences used to amphfy the nucleic acid ofSEQ ID
NO: 15. The primers are SEQ ID NO: 17 and SEQ ID NO: 18.

FIGURE 13 contains TABLE 3, which provides among other things a variety of
data and other information on UDP-N-acetylglucosamine l-carboxyvmyltransferase 1

(MURA) from S. aureus,

FIGURE .14 contains TABLE 4. which provides the results of several bioinformatic
analyses relating to UDP-N-acetylglucosamine 1-carboxyvinyltransferase 1 (MURA) from
S. aureus.

FIGURE 15 shows the nucleic acid coding sequence (SEQ ID NO: 22) for

CTP:CMP-3-deoxy-D-manno-octulosonate fransferase, with gene designation ofKDSB, as
predicted from the genomic sequence of E. coli. This predicted nucleic acid co(Mng
sequence was cloned and sequenced to produce the polynucleotide sequence shown in
FIGURE 17.

FIGURE 16 shows the amino acid sequence (SEQ ID NO: 23) for CTP:CMP-3-
deoxy-D-manno-octulosonate transferase (KDSB) from E. coli, as predicted from the
nucleotide sequence SEQ ID NO: 22 shown in FIGURE 15.

FIGURE 17 shows the experimentally determined nucleic acid coding sequence
(SEQ ID NO: 24) for CTP:CMP-3-deoxy-D-manno-octuIosonate transferase (KDSB) from

25 E. coli, as described in EXAMPLE 1

.

FIGURE 18 shows the amino acid sequence (SEQ ID NO: 25) for CTP:CMP-3-
deoxy-D-manno-octulosonate transferase (KDSB) from E. coli, as predicted from the
experimentally determined nucleotide sequence SEQ ID NO: 24 shown in FIGURE 17.

FIGURE 19 shows the primer sequences used to amplify the nucleic acid ofSEQ ID
30 NO: 24. The primers are SEQ ID NO: 26 and SEQ ID NO: 27.

FIGURE 20 contains TABLE 5, which provides among other things a variety of
data and other information on CTP:CMP-3-deoxy-D-mamio-octulosonate transferase
(KDSB) from E. coli.

20

-9-



wo 03/087353 PCT/CA03/00481

FIGURE 21 contains TABLE 6, which provides the results of several bioinformatic

analyses relating to CTP:CMP-3-deoxy-D-manno-octulosonate transferase (KDSB) from E,

colL

FIGURE 22 shows the nucleic acid coding sequence (SEQ ID NO: 31) for UDP-N-

5 acetylniuramoylalanyl~D-glutamate-2, 6-dianiinopimelate ligase, with gene designation of

MURE, as predicted from the genomic sequence of P. aeruginosa. This predicted nucleic

acid coding sequence was cloned and sequenced to produce the polynucleotide sequence

shown in FIGURE 24.

FIGURE 23 shows the amino acid sequence (SEQ ID NO: 32) for UDP-N-

10 acetylmuramoylalanyl~D-glutaniate-2, 6--diaminopimelate ligase (MURE) from P.

aeruginosa, as predicted from the nucleotide sequence SEQ ID NO: 31 shown in FIGURE

22*

FIGURE 24 shows the experimentally determined nucleic acid coding sequence

(SEQ ID NO: 33) for UDP-N-acetylmuramoylalanyl-D-glutamate-2, 6-diaininopimelate

15 ligase (MURE) from P. aeruginosa, as described in EXAMPLE 1

.

FIGURE 25 shows the amino acid sequence (SEQ ID NO: 34) for UDP-N-

acetylmuramoylalanyl-D-glutamate-2, 6-diaminopimelate ligase (MURE) from P.

aeruginosa, as predicted from the experimentally determiaed nucleotide sequence SEQ ID

NO: 33 shown in FIGURE 24.

20 FIGURE 26 shows the primer sequences used to amplify the nucleic acid ofSEQ ID

NO: 33. The primers are SEQ ID NO: 35 and SEQ ID NO: 36.

FIGURE 27 contains TABLE 7, which provides among other things a variety of

data and other information on UDP-N-acetylmuramoylalanyl-D--glutamate-2, 6-

diaminopimelate ligase (MURE) from P. aeruginosa.

25 FIGURE 28 contains TABLE 8, which provides the results of several bioinformatic

analyses relating to UDP-N-acetylmuramoylalanyl-D-glutamate-2, 6-diaminopimelate

Ugase (MURE) from P. aeruginosa.

FIGURE 29 shows the nucleic acid coding sequence (SEQ ID NO: 40) for D-

alanine:D-alanine-adding enzyme, with gene designation of MURF, as predicted from the

30 genomic sequence of S. aureus. This predicted nucleic acid coding sequence was cloned

and sequenced to produce the polynucleotide sequence shown in FIGURE 31.

-10-
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FIGURE 30 shows the amino acid sequence (SEQ ID NO: 41) for D-alanine:D-

alanine-adding enzyme (MURF) from S. aureus, as predicted from the nucleotide sequence

SEQ ID NO: 40 shown in FIGURE 29.

FIGURE 31 shows the experimentally determined nucleic acid coding sequence

(SEQ ID NO: 42) for D-alanine:D-alanine-adding enzyme (MURF) from S. aureus, as

described in EXAMPLE 1.

FIGURE 32 shows the ammo acid sequence (SEQ ID NO: 43) for D-alanine:D-

alanine-adding enzyme (MURF) from S. aureus, as predicted from the experimentally

determined nucleotide sequence SEQ ID NO: 42 shown in FIGURE 31.

FIGURE 33 shows the primer sequences used to ampUfy the nucleic acid of SEQ ID

NO: 42. The primers are SEQ ID NO: 44 and SEQ ID NO: 45.

FIGURE 34 contains TABLE 9, which provides among other things a variety of

data and other information on D-alanine:D-alanine-adding enzyme (MURF) from S. aureus.

FIGURE 35 contains TABLE 10, which provides the results of several

bioinformatic analyses relating to D-alanine:D-alamne-adding enzyme (MURF) from S.

aureus.

FIGURE 36 depicts the results of tryptic peptide mass spectrum peak searching for

D-alanine:D-alamne-adding enzyme (MURF) from S. aureus, as described in EXAMPLE 9.

FIGURE 37 shows the nucleic acid coding sequence (SEQ ID NO: 49) for D-

alanine:D-alanine-adding enzyme, with gene designation of MURF, as predicted from the

genomic sequence of P. aeruginosa. This predicted nucleic acid coding sequence was

cloned and sequenced to produce the polynucleotide sequence shown in FIGURE 39.

FIGURE 38 shows the ammo acid sequence (SEQ ID NO: 50) for D-alanine:D-

alanine-adding enzyme (MURF) from P. aeruginosa, as predicted from tiie nucleotide

sequence SEQ ID NO: 49 shown in FIGURE 37.

FIGURE 39 shows the experimentally determined nucleic acid coding sequence

(SEQ ID NO: 51) for D-alaaine:D-alaiiine-adding enzyme (MURF) from P. aeruginosa, as

described inEXAMPLE 1

.

FIGURE 40 shows the amino acid sequence (SEQ ID NO: 52) for D-alanine:D-

alanine-adding enzyme (MURF) from P. aeruginosa, as predicted from the experimentally

determined nucleotide sequence SEQ ID NO: 5 1 shown in FIGURE 39.

FIGURE 41 shows the primer sequences used to amplify the nucleic acid ofSEQ ID

NO: 51. The primers are SEQ ID NO: 53 and SEQ ID NO: 54.

11-
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FIGURE 42 contains TABLE 11, which provides among other things a variety of

data and other information on D-alanine:D-alanine-adding enzyme (MURF) from P.

aeruginosa,

FIGURE 43 contains TABLE 12, which provides the results of several

bioinformatic analyses relating to D-alanineiD-alanine-adding enzyme (MURF) from P,

aeruginosa.

FIGURE 44 .depicts the results of tryptic peptide mass spectrum peak searching for

D-alanine:D-alanine-adding enzyme (MURF) from P. aemginosa, as described in

EXAMPLE 9.

FIGURE 45 depicts a MALDI-TOF mass spectrum of D-alanine:D-alanine-adding

enzyme (MURF) from P, aeruginosa, as described in EXAMPLE 10.

FIGURE 46 shows the nucleic acid coding sequence (SEQ ID NO: 58) for D-

alanine-D-alanine ligase, with gene designation of ddlA, as predicted from the genomic

sequence of E, faecalis. This predicted nucleic acid coding sequence was cloned and

sequenced to produce the polynucleotide sequence shown in FIGURE 48.

FIGURE 47 shows the amino acid sequence (SEQ ID NO: 59) for D-alanine-D-

alanine hgase (ddlA) from E, faecalis, as predicted from the nucleotide sequence SEQ ID

NO: 58 shown in FIGURE 46.

FIGURE 48 shows the experimentally determined nucleic acid coding sequence

(SEQ ID NO: 60) for D-alanine-D-alanine hgase (ddlA) from E, faecalis, as described in

EXAMPLE 1.

FIGURE 49 shows the amino acid sequence (SEQ ID NO: 61) for D-alanine-D-

alanine ligase (ddlA) from E. faecalis, as predicted from the experimentally determined

nucleotide sequence SEQ ID NO: 60 shown in FIGURE 48.

.FIGURE 50 shows the primer sequences used to amplify the nucleic acid ofSEQ ID

NO: 60. The primers are SEQ ID NO: 62 and SEQ ID NO: 63.

FIGURE 51 contains TABLE 13, which provides among other things a variety of

data and other information on D-alanine-D-alanine ligase (ddlA) from E. faecalis.

FIGURE 52 contains TABLE 14, which provides the results of several

bioinformatic analyses relating to D-alanine-D-alanine ligase (ddlA) from E.faecalis.

FIGURE 53 depicts the results of tryptic peptide mass spectrum peak searching for

D-alanine-D-alanine ligase (ddlA) from E, faecalis, as described in EXAMPLE 9.

-12-
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FIGURE 54 depicts a MALDI-TOF mass spectrum of D-alanine-D-alanine ligase

{ddlA) from E. faecalis, as described in EXAMPLE 10.

FIGURE 55 shows the nucleic acid coding sequence (SEQ ID NO: 67) for UDP-N-

acetylpyruvoylglucosamine reductase, with gene designation ofMURB, as predicted from

5 the genomic sequence of P. aeruginosa. This predicted nucleic acid coding sequence was

cloned and sequenced to produce the polynucleotide sequence shown in FIGUEIE 57.

FIGURE 56 shows the amino acid sequence (SEQ ID NO: 68) for UDP-N-

acetylpyruvoylglucosamine reductase (MURB) from P. aeruginosa, as predicted from the

nucleotide sequence SEQ ID NO: 67 shown in FIGURE 55.

10 FIGURE 57 shows the experimentally determined nucleic acid coding sequence

(SEQ ID NO: 69) for UDP-N-acetylpyruvoylglucosamine reductase (MURB) from P.

aeruginosa, as described in EXAMPLE 1

.

FIGURE 58 shows the amino acid sequence (SEQ ID NO: 70) for UDP-N-

acetylpyruvoylglucosamine reductase (MURB) from P. aeruginosa, as predicted from the

1 5 experimentally determined nucleotide sequence SEQ ID NO: 69 shown in FIGLFRE 57.

FIGURE 59 shows the primer sequences used to amplify the nucleic acid ofSEQ ID

NO: 69. The primers are SEQ ID NO: 71 and SEQ ID NO: 72.

FIGURE 60 contains TABLE 15, which provides among other things a variety of

data and other information on UDP-N-acetylpyruvoylglucosamine reductase (MURB) from

20 P. aeruginosa.

FIGURE 61 contains TABLE 16, which provides the results of several

bioinformatic analyses relating to UDP-N-acetylpyruvoylglucosamine reductase (MURB)

from P. aeruginosa.

FIGURE 62 depicts the results of tryptic peptide mass spectrum peak searching for

25 UDP-N-acetylpyruvoylglucosamine reductase (MURB) from P. aeruginosa, as described in

EXAMPLE 9.

FIGURE 63 shows the nucleic acid coding sequence (SEQ ID NO: 76) for UDP-N-

acetylglucosamine 1 -carboxyvinyltransferase 1, with gene designation of MURA, as

predicted from the genomic sequence of S. pneumoniae. This predicted nucleic acid coding

30 sequence was cloned and sequenced to produce the polynucleotide sequence shown in

FIGURE 65.

-13-
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FIGURE 64 shows the amino acid sequence (SEQ ID NO: 77) for UDP-N-

acetylglucosamine 1 -carboxyvinyltransferase 1 (MURA) from S. pneumoniae, as predicted

from the nucleotide sequence SEQ ID NO: 76 shown in FIGURE 63.

FIGUEE 65 shows the experimentally determined nucleic acid coding sequence

5 (SEQ ID NO: 78) for UDP-N-acetylglucosamine 1-carboxyvinyltransferase 1 (MURA)

from S. pneumoniae, as described in EXAMPLE 1

.

FIGURE 66 shows the amino acid sequence (SEQ ID NO: 79) for UDP-N-

acetylglucosamine 1-carboxyvinyltransferase 1 (MURA) from S. pneumoniae, as predicted

from the experimentally determined nucleotide sequence SEQ ID NO: 78 shown in

10 FIGURE 65.

FIGURE 67 shows the primer sequences used to ampUfy the nucleic acid ofSEQ ID

NO: 78. The primers are SEQ ID NO: 80 and SEQ ID NO: 81

.

FIGURE 68 contains TABLE 17, which provides among other things a variety of

data and other information on UDP-N-acetylglucosamine 1-carboxyvinyltransferase 1

15 (MURA) from S. pneumoniae.

FIGURE 69 contains TABLE 18, which provides the results of several

bioinformatic analyses relating to UDP-N-acetylglucosamine 1 -carboxyvinyltransferase 1

(MURA) from S. pneumoniae.

FIGURE 70 depicts the resvilts of tryptic peptide mass spectrum peak searching for

20 UDP-N-acetylglucosamine 1-carboxyvinyltransferase 1 (MURA) from S. pneumoniae, as

described in EXAMPLE 9.

FIGURE 71 depicts a MALDI-TOF mass spectrum ofUDP-N-acetylglucosamine 1-

carboxyvinyltransferase 1 (MURA) from S. pneumoniae, as described in EXAMPLE 10.

FIGURE 72 shows the nucleic acid coding sequence (SEQ ID NO: 85) for UDP-N-

25 acetylglucosamine pyrophosphorylase, with gene designation of GLMU, as predicted from

the genomic sequence of E. faecalis. This predicted nucleic acid coding sequence was

cloned and sequenced to produce the polynucleotide sequence shovm in FIGURE 74.

FIGURE 73 shows the amino acid sequence (SEQ ID NO: 86) for UDP-N-

acetylglucosamine pyrophosphorylase (GLMU) from E. faecalis, as predicted from the

30 nucleotide sequence SEQ ID NO: 85 shownm FIGURE 72.

FIGURE 74 shows the experimentally determined nucleic acid coding sequence

(SEQ ID NO: 87) for UDP-N-acetylglucosamine pyrophosphorylase (GLMU) from E.

faecalis, as described in EXAMPLE 1.

-14-
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FIGURE 75 shows the amino acid sequence (SEQ ID NO: 88) for UDP-N-

acetylglucosamine pyrophosphorylase (GLMU) from E. faecalis, as predicted from the

experimentally determined nucleotide sequence SEQ ID NO: 87 shown in FIGURE 74.

FIGURE 76 shows the primer sequences used to amplify ttie nucleic acid of SEQ ID

NO: 87. The primers are SEQ ID NO: 89 and SEQ ID NO: 90.

FIGURE 77 contains TABLE 19, which provides among other things a variety of

data and other information on UDP-N-acetylglucosamine pyrophosphorylase {GLMU) from

E. faecaUs.

FIGURE 78 contains TABLE 20, which provides the results of several

bioinformatic analyses relating to UDP-N-acetylglucosamine pyrophosphorylase {GLMU)

from E. faecalis.

FIGURE 79 depicts the results of tryptic peptide mass spectrum peak searching for

UDP-N-acetylglucosamine pyrophosphorylase (GLMU) from E. faecalis, as described in

EXAMPLE 9.

FIGURE 80 depicts a MALDI-TOF mass spectrum of UDP-N-acetylglucosamine

pyrophosphorylase (GLMU) from E. faecalis, as described in EXAMPLE 10.

FIGURE 81 shows the nucleic acid coding sequence (SEQ ID NO: 94) for UDP-N-

acetyhnuramoylalanine-D-glutamate ligase, with gene designation ofMURD, as predicted

from the genomic sequence ofE. faecalis. This predicted nucleic acid coding sequence was

cloned and sequenced to produce the polynucleotide sequence shown in FIGURE 83.

FIGURE 82 shows the amino acid sequence (SEQ ID NO: 95) for UDP-N-

acetylmuramoylalaiiine~D-glutamate Ugase {MURD) from E. faecalis, as predicted from

the nucleotide sequence SEQ ID NO: 94 shown in FIGURE 81.

FIGURE 83 shows the experimentally determined nucleic acid coding sequ^ce

(SEQ ID NO: 96) for UDP-N-acetyhnuramoylalanine~D-glutamate ligase (MURD) from E.

faecalis, as described inEXAMPLE 1

.

FIGURE 84 shows the amino acid sequence (SEQ ID NO: 97) for UDP-N-

acetylmuramoylalanine~D-glutamate Ugase {MURD) from E. faecalis, as predicted from

the experimentally determined nucleotide sequence SEQ ID NO: 96 shown in FIGURE 83.

FIGURE 85 shows the primer sequences used to ampUfy the nucleic acid ofSEQ ID

NO: 96. The primers are SEQ ID NO: 98 and SEQ ID NO: 99.

-15-
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FIGURE 86 contains TABLE 21, which provides among other things a variety of

data and other information on UDP-N-acetyhniiramoylalanine--D--glutainate ligase

(MURD) from E.faecalis.

FIGURE 87 ^contains TABLE 22, which provides the results of several

5 bioinfonnatic analyses relating to UDP-N-acetylmuramoylalanine—D-glutamate ligase

(MURD) from E, faecalis.

FIGURE 88 depicts the results of tryptic peptide mass spectrum peak searching for

UDP-N-acetylmuramoylalanine—D-glutamate ligase (MURD) from E, faecalis, as

described in EXAMPLE 9.

10 FIGURE 89 depicts a MALDI-TOF mass spectrum of UDP-N-

acetyhnuramoylalanine~D-glutamate ligase (MURD) from E. faecalis, as described in

EXAMPLE 10.

FIGURE 90 shows the nucleic acid coding sequence (SEQ ID NO: 103) for UDP-

N-acetyl-muramate:alanine ligase, with gene designation of MURC, as predicted from the

15 genomic sequence ofE. coli. This predicted nucleic acid coding sequence was cloned and

sequenced to produce the polynucleotide sequence shown in FIGURE 92.

FIGURE 91 shows the amino acid sequence (SEQ ID NO: 104) for UDP-N-acetyl-

muramate:alanine ligase (MURC) from E. coli, as predicted from the nucleotide sequence

SEQ ID NO: 103 shown in FIGURE 90.

20 FIGURE 92 shows the experimentally determined nucleic acid coding sequence

(SEQ ID NO: 105) for UDP-N-acetyl-mm'amate:alanine ligase (MURC) from E, coli, as

described in EXAMPLE 1.

FIGURE 93 shows the amino acid sequence (SEQ ID NO: 106) for UDP-N-acetyl-

muramate:alanine ligase (MURC) from E. coli, as predicted from the experimentally

25 determined nucleotide sequence SEQ ID NO: 105 shown in FIGURE 92.

FIGURE 94 shows the primer sequences used to amplify the nucleic acid ofSEQ ID

NO: 105. The primers are SEQ ID NO: 107 and SEQ ID NO: 108.

FIGURE 95 contains TABLE 23, which provides among other things a variety of

data and other information on UDP-N-acetyl-muramate:alaiiine ligase (MURC) from E.

30 coli.

FIGURE 96 contains TABLE 24, which provides the results of several

bioinformatic analyses relating to UDP-N-acetyl-muramate:alanine ligase (MURC) from E.

coli.
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FIGURE 97 depicts the results of tryptic peptide mass spectrum peak searching for

UDP-N-acetyl-muramate:alanine ligase (MURC) from E. coli, as described in EXAMPLE

9.

FIGURE 98 depicts a MALDI-TOF mass spectrum of UDP-N-acetyl-

muramate:alanine ligase (MURQ from E. coli, as described in EXAMPLE 10.

FIGURE 99 shows tiie nucleic acid coding sequence (SEQ ID NO: 112) for

aspartate semialdehyde dehydrogenase, with gene designation of ASD, as predicted from

the genomic sequence of H. influenzae . This predicted nucleic acid coding sequence was

cloned and sequenced to produce the polynucleotide sequence shown in FIGURE 101.

FIGURE 100 shows the amino acid sequence (SEQ ID NO: 113) for aspartate

semialdehyde dehydrogenase (ASD) from H. influenzae , as predicted from the nucleotide

sequence SEQ ID NO: 1 12 shown in FIGURE 99.

FIGURE 101 shows the experimentally determined nucleic acid coding sequence

(SEQ ID NO: 1 14) for aspartate semialdehyde dehydrogenase (ASD) from H, influenzae ,

as described inEXAMPLE 1

.

FIGURE 102 shows the amino acid sequence (SEQ ID NO: 115) for aspartate

semialdehyde dehydrogenase (ASD) from H. influenzae , as predicted from the

experimentally determined nucleotide sequence SEQ ID NO: 1 14 shown in FIGURE 101.

FIGURE 103 shows the primer sequences used to amplify the nucleic acid of SEQ

ID NO: 1 14. The primers are SEQ ID NO: 1 16 and SEQ ID NO: 117.

FIGURE 104 contains TABLE 25, which provides among other things a variety of

data and other iaformation on aspartate semialdehyde dehydrogenase (ASD) from H.

influenzae .

FIGURE 105 contains TABLE 26, which provides the results of several

bioinformatic analyses relating to aspartate semialdehyde dehydrogenase (ASD) from K
influenzae .

FIGURE 106 depicts the results of tryptic peptide mass spectrum peak searching for

aspartate semialdehyde dehydrogenase {ASD) from influenzae , as described in

EXAMPLE 9.

FIGURE 107 depicts a MALDI-TOF mass spectrum of aspartate semialdehyde

dehydrogenase (ASD) fromK influenzae , as described in EXAMPLE 10.

FIGURE 108 shows the nucleic acid coding sequence (SEQ ID NO: 121) for

CTP:CMP-3-deoxy-D-manno-octulosonate transferase, with gene designation of KDSB, as

-17-



wo 03/087353 PCT/CA03/00481

predicted from the genomic sequence of //. influenzae . This predicted nucleic acid coding

sequence was cloned and sequenced to produce the polynucleotide sequence shown in

FIGURE 110,

FIGURE 109 shows the amino acid sequence (SEQ ID NO: 122) for CTP:CMP-3-

deoxy~D-maimo-octulosonate transferase (KDSB) from K influenzae , as predicted from

the nucleotide sequence SEQ ID NO: 121 shown in FIGURE 108.

FIGURE 110 shows the experimentally determined nucleic acid coding sequence

(SEQ ID NO: 123) for CTP:CMP-3-deoxy-D-mannO"-octulosonate transferase (KDSB) from

K influenzae , as described in EXAMPLE 1

.

FIGURE 111 shows the amino acid sequence (SEQ ID NO: 124) for CTP:CMP-3-

deoxy-D~maimo-octulosonate transferase (KDSB) from K influenzae , as predicted from

the experimentally determined nucleotide sequence SEQ ID NO: 123 shown in FIGURE

110.

FIGURE 1 12 shows the primer sequences used to amplify the nucleic acid of SEQ

ID NO: 123. The primers are SEQ ID NO: 125 and SEQ ID NO: 126.

FIGURE 113 contains TABLE 27, which provides among other things a variety of

data and other information on CTP:CMP-3-deoxy-D-maraio-octulosonate transferase

(KDSB) from H. influenzae .

FIGURE 114 contains TABLE 28, which provides the results of several

bioinformatic analyses relating to CTP:CMP-3-deoxy-D-manno-octulosonate transferase

(KDSB) from H. influenzae .

FIGURE 115 depicts the results of tryptic peptide mass spectrum peak searching for

CTP:CMP-3-deoxy-D-maxmo-octulosonate transferase (KDSB) from H. influenzae , as

described in EXAMPLE 9.

FIGURE 116 depicts a MALDI-TOF mass spectrum of CTP:CMP-3-deoxy-D-

manno-octulosonate transferase (KDSB) from H. influenzae , as described in EXAMPLE

10.

FIGURE 117 shows the nucleic acid coding sequence (SEQ ID NO: 130) for UDP-

N-acetylenolpymvoylglucosamine reductase, with gene designation ofMURB, as predicted

from the genomic sequence ofH, influenzae . This predicted nucleic acid coding sequence

was cloned and sequenced to produce the polynucleotide sequence shown in FIGURE 119.

-18-
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FIGURE 118 shows the amino acid sequence (SEQ ID NO: 131) for UDP-N-

acetylenolpyruvoylglucosamine reductase (MURB) from H. influenzae , as predicted from

the nucleotide sequence SEQ ID NO: 130 shown in FIGURE 1 17.

FIGURE 119 shows the experimentally determined nucleic acid coding sequence

(SEQ ID NO: 132) for UDP-N-acetylenolpyruvoylglucosamine reductase {MURB) from H.

injhienzae , as described in EXAMPLE 1

.

FIGURE 120 shows the amino acid sequence (SEQ ID NO: 133) for UDP-N-

acetylenolpyruvoylglucosamine reductase (MURB) from H. influenzae , as predicted from

the experimentally determined nucleotide sequence SEQ ID NO: 132 shown in FIGURE

119.

FIGURE 121 shows the primer sequences used to amphfy the nucleic acid of SEQ

ID NO: 132. The primers are SEQ ID NO: 134 and SEQ ID NO: 135.

FIGURE 122 contains TABLE 29, which provides among other things a variety of

data and other information on UDP-N-acetylenolpyruvoylglucosamine reductase (MURB)

from H. influenzae

.

FIGURE 123 contains TABLE 30, which provides the results of several

bioinformatic analyses relating to UDP-N-acetylenolpyruvoylglucosamme reductase

(MURB) from H. influenzae .

FIGURE 124 depicts the results of tryptic peptide mass spectrum peak searching for

UDP-N-acetylenolpyruvoylglucosamine reductase (MURB) from H. influenzae , as

described inEXAMPLE 9.

FIGURE 125 shows the nucleic acid coding sequence (SEQ ID NO: 139) for UDP-

N-acetylglucosamine pyrophosphorylase, with gene designation of GLMU, as predicted

from the genomic sequence of if. influenzae . This predicted nucleic acid coding sequence

was cloned and sequenced to produce the polynucleotide sequence shown in FIGURE 127.

FIGURE 126 shows the amino acid sequence (SEQ ID NO: 140) for UDP-N-

acetylglucosamine pyrophosphorylase (GLMU) from H. influenzae , as predicted from the

nucleotide sequence SEQ ID NO : 1 39 shown in FIGURE 125.

FIGURE 127 shows the experimentally determined nucleic acid coding sequence

(SEQ ID NO: 141) for UDP-N-acetylglucosamine pyrophosphorylase (GLMU) from H.

influenzae , as described in EXAMPLE 1

.

-19-



wo 03/087353 PCT/CA03/00481

FIGURE 128 shows the amino acid sequence (SEQ ID NO: 142) for UDP-N-

acetylglucosamine pyrophosphorylase {GLMU) from H. influenzae , as predicted from the

experimentally determined nucleotide sequence SEQ ID NO: 141 shown in FIGURE 127.

FIGURE 129 shows the primer sequences used to amplify the nucleic acid of SEQ

ID NO: 141. The primers are SEQ ID NO: 143 and SEQ ID NO: 144.

FIGURE 130 contains TABLE 31, which provides among other things a variety of

data and other infonnation on UDP-N-acetylglucosamine pyrophosphorylase {GLMU) from

H. influenzae

.

FIGURE 131 contains TABLE 32, which provides the results of several

bioinformatic analyses relating to UDP-N-acetylglucosamine pyrophosphorylase (GLMU)

from H. influenzae

.

FIGURE 132 depicts the residts of tryptic peptide mass spectrum peak searching for

UDP-N-acetylglucosamine pyrophosphorylase (GLMU) from H. influenzae , as described

in EXAMPLE 9.

FIGURE 133 depicts a MALDI-TOF mass spectrum of UDP-N-acetylglucosamine

pyrophosphorylase {GLMU) from H. influenzae , as described in EXAMPLE 10.

FIGURE 134 shows the nucleic acid coding sequence (SEQ ID NO: 148) for UDP-

N-acetyhnuramoylalanyl-D-glutamate, with gene designation ofMURE, as predicted from

the genomic sequence of H. influenzae . This predicted nucleic acid coding sequence was

cloned and sequenced to produce the polynucleotide sequence shown in FIGURE 92.

FIGURE 135 shows the amino acid sequence (SEQ ID NO: 149) for UDP-N-

acetyhnuiamoylalanyl-D-glutamate (MURE) from H. influenzae , as predicted from the

nucleotide sequence SEQ ID NO: 148 shown in FIGURE 134.

FIGURE 136 shows the experimentally determined nucleic acid coding sequence

(SEQ ID NO: 150) for UDP-N-acetyhnuramoylalanyl-D-glutamate (MURE) from H.

influenzae , as described in EXAMPLE 1

.

FIGURE 137 shows the amino acid sequence (SEQ ID NO: 151) for UDP-N-

acetyhnuramoylalanyl-D-glutamate (MURE) from K influenzae , as predicted from the

experimentally determined nucleotide sequence SEQ ID NO: 150 shown in FIGURE 136.

FIGURE 138 shows the primer sequences used to amplify the nucleic acid of SEQ

ID NO: 105. The primers are SEQ ID NO: 152 and SEQ ID NO: 153.
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FIGURE 151 .depicts a MALDI-TOF mass speotraoa of UDP-N-
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sxpexjmeataHy detsnnined nucleotide sequence SEQ ID NO : 16S shown ixt FIGURE 1 54.

FIGURE 156 shows the primer sequences used to amplify the nw?leic acid of S12Q

ID NO: 168. The primers are SEQ ID NO: 170 and SEQ IDNO: 171.

IS FIGURJB 157 cont&ins TABLE 37, which provides among otiher tisings a variety of

data and other infoxnaation on UDP-N-acetylghicosaiaroe pytophosphorylase (GLMU) fiom

FIGURE 155 contains TABLE 38, wWch jwovides the resuKs of several

•• '

. bioinfoxmatie analyses,relating to UDP-N-acetylglucosamine' pyrophosphorylase. (GLMTJ)
- - * •

JO 'fz6nxS. aureus.

FIGURE 159 depicts the results oftrypuc peptide izuss spectmm peak searcbing for

, UDP-N-acelylglucosamiiio pyropbosphojyla$© iGLMlf) &om S. aureus, ^ descnl>^d vx

EXA]MPLE9.
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FIGURE 160 depicts a MALDI-TOF mass spectrum of UDP-N-acetylglucosamine

pyrophosphorylase (GLMU) from S. aureus, as described in EXAMPLE 10.

DETAILED DESCRIPTION OF THE INVENTION

I. Definitions

For convenience, certain terms employed in the specification, examples, and

appended claims are collected here. Unless defined otherwise, all technical and scientific

terms used herein have the same meaning as commonly understood by one of ordinary skill

in the art to which this invention belongs.

The articles "a" and "an" are used herein to refer to one or to more than one (i.e., to

at least one) of the grammatical object of the article. By way of example, "an element"

means one element or more than one element.

The term "amino acid" is intended to embrace all molecules, whether natural or

synthetic, which include both an amino fimctionality and an acid fimctionahty and capable

ofbeing included in a polymer of naturally-occurring amino acids. Exemplary amino acids

include naturally-occurring amino acids; analogs, derivatives and congeners thereof; amino

acid analogs having variant side chains; and all stereoisomers of any of any of the

foregoing.

The term "binding" refers to an association, which may be a stable association,

between two molecules, e.g., between a polypeptide of the invention and a binding partner,

due to, for example, electrostatic, hydrophobic, ionic and/or hydrogen-bond interactions

under physiological conditions.

A "comparison window," as used herein, refers to a conceptual segment of at least

20 contiguous amino acid positions wherein a protein sequence may be compared to a

reference sequence of at least 20 contiguous amino acids and wherein the portion of the

protein sequence in the comparison window may comprise additions or deletions (i.e., gaps)

of 20 percent or less as compared to the reference sequence (which does not comprise

additions or deletions) for optimal alignment of the two sequences. Optimal aUgnment of

sequences for aligning a comparison window may be conducted by fbe local homology

algorithm of Smith and Waterman (1981) Adv. Appl. Math. 2: 482, by the homology

aligmnent algorithm ofNeedleman and Wunsch (1970) J. Mol. Biol. 48: 443, by the search

for similarity method of Pearson and Lipman (1988) Proc. Natl. Acad. Sci. (U.S.A.) 85:

2444, by computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and
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TFASTA in the Wisconsin Genetics Software Package Release 7.0, Genetics Computer

Group, 575 Science Dr., Madison, WI), or by inspection, and the best alignment (i.e.,

resulting in the highest percentage ofhomology over the comparison window) generated by

the various methods may be identified.

5 The term "complex" refers to an association between at least two moieties (e.g.

chemical or biochemical) that have an affinity for one another. Examples of complexes

include associations between antigen/antibodies, lectin/avidin, target polynucleotide/probe

oligonucleotide, antibody/anti-antibody, receptor/ligand, enzyme/ligand, polypeptide/

polypeptide, polypeptide/polynucleotide, polypeptide/co-factor, polypeptide/substrate,

10 polypeptide/inhibitor, polypeptide/small molecule, and the like. "Member of a complex"

refers to one moiety of the complex, such as an antigen or ligand. "Protein complex" or

"polypeptide complex" refers to a complex comprising at least one polypeptide.

The term "conserved residue" refers to an amino acid that is a member of a group of

amino acids having certain common properties. The term "conservative amino acid

15 substitution" refers to the substitution (conceptually or otherwise) of an amino acid firom

one such group with a different amino acid firom the same group. A fimctional way to

defijie common properties between individual amino acids is to analyze the normalized

frequencies of amino acid changes between corresponding proteins of homologous

organisms (Schulz, G. E. and R. H. Schirmer., Principles of Protein Structure, Springer-

20 Verlag). According to such analyses, groups of amino acids may be defined where amino

acids within a group exchange preferentially with each other, and therefore resemble each

other most in their impact on the overall protein structure (Schulz, G. E. and R. H.

Schirmer, Principles of Protein Structure, Springer-Verlag). One example of a set of amino

acid groups defined in this manner include: (i) a charged group, consisting of Glu and Asp,

25 Lys, Arg and His, (ii) a positively-charged group, consisting of Lys, Arg and His, (iii) a

negatively-charged group, consisting of Glu and Asp, (iv) an aromatic group, consisting of

Phe, Tyr and Trp, (v) a nitrogen ring group, consisting of His and Tip, (vi) a large aliphatic

nonpolar group, consisting of Val, Leu and He, (vii) a slightly-polar group, consisting of

Met and Cys, (viii) a small-residue group, consisting of Ser, Thr, Asp, Asn, Gly, Ala, Glu,

30 Gin and Pro, (ix) an aliphatic group consisting of Val, Leu, He, Met and Cys, and (x) a

small hydroxyl group consisting of Ser and Thr.

The term "domain", when used in connection with a polypeptide, refers to a specific

region within such polypeptide that comprises a particular structure or mediates a particular
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function. In the typical case, a domain of a polypeptide ofthe invention is a fragment of the

polypeptide. In certain instances, a domain is a structurally stable domain, as evidenced,

for example, by mass spectroscopy, or by the fact that a modulator may bind to a draggable
I

region of the domain.

The term "draggable region", when used in reference to a polypeptide, nucleic acid,

complex and the like, refers to a region of the molecule which is a target or is a likely target

for binding a modulator. For a polypeptide, a druggable region generally refers to a region

wherein several amino acids of a polypeptide would be capable of interacting with a

modulator or other molecule. For a polypeptide or complex thereof, exemplary druggable

regions including binding pockets and sites, enzymatic active sites, interfaces between

domains of a polypeptide or complex, surface grooves or contours or surfaces of a

polypeptide or complex which are capable of participating in interactions with another

molecule. In certain instaaces, the interacting molecule is another polypeptide, which may

be naturally-occurring. In other instances, the dmggable region is on the surface of the

molecule.

Druggable regions may be described and characterized in a number of ways. For

example, a druggable region may be characterized by some or all of the amino acids tiiat

make up the region, or the backboiie atoms thereof, or the side chain atoms thereof

(optionally with or without the Ca atoms). Altematively, in certain instances, the volume

of a druggable region corresponds to that of a carbon based molecule of at least about 200

amu and often up to about 800 amu. In other instances, it will be appreciated that the

volume of such region may correspond to a molecule of at least about 600 amu and often up

to about 1600 amu or more.

Altematively, a druggable region may be characterized by comparison to other

regions on the same or other molecules. For example, the term "affinity region" refers to a

druggable region on a molecule (such as a polypeptide of the invention) that is present in

several other molecules, in so much as the structures of the same affinity regions are

sufficiently the same so that they are expected to bind the same or related stmctural

analogs. An example of an affinity region is an ATP-binding site of a protein kinase that is

found in several protein kinases (whether or not of the same origin). The term "selectivity

region" refers to a druggable region of a molecule that may not be found on otlier

molecules, in so much as the structures of different selectivity regions are sufficiently

different so that they are not expected to bind the same or related structural analogs. An
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exemplary selectivity region is a catalytic domain of a protein kinase that exhibits

specificity for one substrate. In certain instances, a single modulator may bind to the same

affinity region across a number of proteins that have a substantially similar biological

function, whereas the same modulator may bind to only one selectivity region of one of

5 those proteins.

Continuing with examples of different druggable regions, the term "imdesired

region" refers to a druggable region of a molecule that upon interacting with another

molecule results in an imdesirable affect. For example, a binding site that oxidizes the

interacting molecule (such as P-450 activity) and thereby results in increased toxicity for

10 the oxidized molecule may be deemed a "undesired region". Other examples of potential

undesired regions includes regions that upon interaction with a drug decrease the membrane

permeability of the drug, increase the excretion of the drug, or increase the blood brain

transport of the drug. It may be the case that, in certain circumstances, an undesired region

will no longer be deemed an undesired region because the affect of the region will be

15 favorable, e.g., a dmg intended to treat a brain condition would benefit firom interacting

with a region that resulted in increased blood brain transport, whereas the same region

could be deemed undesirable^for drugs that were not intended to be deUvered to the brain.

When used in reference to a druggable region, the "selectivity" or "specificity' of a

molecule such as a modulator to a druggable region may be used to describe the binding

20 between the molecule and a dmggable region. For example, the selectivity of a modulator

with respect to a druggable region may be expressed by comparison to another modulator,

using the respective values of Kd (i.e., the dissociation constants for each modulator-

druggable region complex) or, in cases where a biological effect is observed below the Kd,

the ratio of the respective ECso's (i.e., the concentrations that produce 50% of the

25 maximum response for the modulator interacting with each druggable region).

A "fusion protein" or "fusion polypeptide" refers to a chimeric protein as that term

is known in the art and may be constmcted using methods known in the art. In many

examples of fiision proteins, there are two different polypeptide sequences, and in certain

cases, there may be more. The sequences may be linked in firame. A fusion protein may

30 include a domain which is foimd (albeit in a different protein) in an organism which also

expresses the first protein, or it may be an "interspecies", "intergenic", etc. fusion expressed

by different kinds of organisms. In various embodiments, the fusion polypeptide may

comprise one or more amino acid sequences linked to a first polypeptide. In the case where
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more than one amino acid sequence is fused to a first polypeptide, the fusion sequences

may be multiple copies of the same sequence, or alternatively, may be different amino acid

sequences. The fusion polypeptides may be fused to the N-terminus, the C-terminus, or the

N- and C-terminus of the first polypeptide. Exemplary fusion proteins include polypeptides

5 comprising a glutathione S-transferase tag (GST-tag), histidine tag (His-tag), an

immunoglobulin domain or an inummoglobulin binding domain.

The term "gene" refers to a nucleic acid comprising an open reading frame encoding

a polypeptide having exon sequences and optionally intron sequences. The term "intron"

refers to aDNA sequence present in a given gene which is not translated into protein and is

10 generally found between exons.

The term "having substantially similar biological activity", when used in reference

to two polypeptides, refers to a biological activity of a first polypeptide which is

substantially similar to at least one of the biological activities of a second polypeptide. A

substantially similar biological activity means that the polypeptides carry out a similar

15 function, e.g., a similar enzymatic reaction or a similar physiological process, etc. For

example, two homologous proteins may have a substantially similar biological activity if

they are involved in a similar enzymatic reaction, e.g., they are both kinases which catalyze

phosphorylation of a substrate polypeptide, however, they may phosphorylate different

regions on the same protein substrate or different substrate proteins altogether.

20 Alternatively, two homologous proteins may also have a substantially similar biological

activity if they are both involved in a similar physiological process, e.g., transcription. For

example, two proteins may be transcription factors, however, they may bind to different

DNA sequences or bind to different polypeptide interactors. Substantially similar

biological activities may also be associated with proteins carrying out a similar structural

25 role, for example, two membrane proteins.

The term "isolated polypeptide" refers to a polypeptide, in certain embodiments

prepared firom recombinant DNA or RNA, or of synthetic origin, or some combination

thereof, which (1) is not associated with proteins that it is normally found with in nature, (2)

is isolated from the cell in which it normally occurs, (3) is isolated free of other proteins

30 firom the same cellular source, (4) is expressed by a cell from a different species, or (5) does

not occur in nature.

The term "isolated nucleic acid" refers to a polynucleotide of genomic, cDNA, or

synthetic origin or some combination there of, which (1) is not associated with the cell in
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which the "isolated nucleic acid" is found in nature, or (2) is operably linked to a

polynucleotide to which it is not linked in natvire.

The terms "label" or "labeled" refer to incorporation or attachment, optionally

covalently or non-covalently, of a detectable marker into a molecule, such as a polypeptide.

5 Various methods of labeling polypeptides are known in the art and may be used. Examples

of labels for polypeptides include, but are not limited to, the following: radioisotopes,

fluorescent labels, heavy atoms, enzymatic labels or reporter genes, chemiluminescent

groups, biotinyl groups, predetemiined polypeptide epitopes recognized by a secondary

reporter (e.g., leucine zipper pair sequences, binding sites for secondary antibodies, metal

10 binding domains, epitope tags). Examples and use of such labels are described in more

detail below. In some embodiments, labels are attached by spacer arms of various lengths

to reduce potential steric hindrance.

The term "mammal" is known in the art, and exemplary mammals include humans,

primates, bovines, porcines, canines, felines, and rodents (e.g., mice and rats).

15 The term "modulation", when used in reference to a functional property or

biological activity or process (e.g., enzyme activity or receptor binding), refers to the

capacity to either up regulate (e.g., activate or stimulate), down regulate (e.g., inhibit or

suppress) or otherwise change a quality of such property, activity or process. In certain

instances, such regulation may be contingent on the occxuxence of a specific event, such as

20 activation of a signal transduction pathway, and/or may be manifest only in particular cell

types.

The term "modulator" refers to a polypeptide, nucleic acid, macromolecule,

complex, molecule, small molecule, compound, species or the like (naturally-occurring or

non-naturally-occurring), or an extract made firom biological materials such as bacteria,

25 plants, fungi, or animal cells or tissues, that may be capable of causing modulation.

Modulators may be evaluated for potential activity as inhibitors or activators (directly or

indirectly) of a functional property, biological activity or process, or combination of them,

(e.g., agonist, partial antagonist, partial agonist, inverse agonist, antagonist, anti-microbial

agents, inhibitors of microbial infection or proliferation, and the like) by inclusion in

30 assays. In such assays, many modulators may be screened at one time. The activity of a

modulator may be known, unknown or partially known.

The term "motif refers to an amino acid sequence that is commonly found in a

protein of a particular stmcture or function. Typically, a consensus sequence is defined to
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represent a particular motif. The consensus sequence need not be strictly defined and may

contain positions of variability, degeneracy, variability of length, etc. The consensus

sequence may be used to search a database to identify other proteins that may have a similar

structure or function due to the presence of the motif in its amino acid sequence. For

5 example, on-line databases may be searched with a consensus sequence in order to identify

other proteins containing a particidar motif. Various search algorithms and/or programs

may be used, including FASTA, BLAST or ENTREZ. FASTA and BLAST are available

as apart of the GCG sequence analysis package (University of Wisconsin, Madison, Wis.).

ENTREZ is available through the National Center for Biotechnology Information, National

10 Library ofMedicine, National Institutes ofHealth, Bethesda, MD.

The term "naturally-occurring", as applied to an object, refers to the fact that an

object may be found in natxire. For example, a polypeptide or polynucleotide sequence that

is present in an organism (including bacteria) that may be isolated from a soxurce in nature

and which has not been intentionally modified by man in the laboratory is naturally-

15 occurring.

The term "nucleic acid" refers to a polymeric form of nucleotides, either

ribonucleotides or deoxynucleotides or a modified form of either type of nucleotide. The

terms should also be understood to include, as equivalents, analogs of either RNA or DNA
made from nucleotide analogs, and, as applicable to the embodiment being described,

20 single-stranded (such as sense or antisense) and double-stranded polynucleotides.

The term "nucleic acid of the invention" refers to a nucleic acid encoding a

polypeptide of the invention, e.g., a nucleic acid comprising a sequence consisting of, or

consisting essentially of, a subject nucleic acid sequence. A nucleic acid of ttie invention

may comprise all, or a portion of, a subject nucleic acid sequence; a nucleotide sequence at

25 least 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98% or 99% identical to a subject nucleic

acid sequence; a nucleotide sequence that hybridizes under stringent conditions to a subject

nucleic acid sequence; nucleotide sequences encoding polypeptides that are ftmctionally

equivalent to polypeptides of the invention; nucleotide sequences encoding polypeptides at

least about 60%, 70%, 80%, 85%, 90%, 95%, 98%, 99% homologous or identical with a

30 subject amino acid sequence; nucleotide sequences encoding polypeptides having an

activity of a polypeptide of the invention and having at least about 60%, 70%, 80%, 85%,

90%, 95%, 98%, 99% or more homology or identity with a subject amino acid sequence;

nucleotide sequences that differ by 1 to about 2, 3, 5, 7, 10, 15, 20, 30, 50, 75 or more
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nucleotide substitutions, additions or deletions, such as allelic variants, of a subject nucleic

acid sequence; nucleic acids derived jfrom and evolutionarily related to a subject nucleic

acid sequence; and complements of, and nucleotide sequences resulting from the

degeneracy of the genetic code, for all of the foregoing and other nucleic acids of the

5 invention. Nucleic acids of the invention also include homologs, e.g., orthologs and

paralogs, of a subject nucleic acid sequence and also variants of a subject nucleic acid

sequence which have been codon optimized for expression in a particular organism (e.g.,

host cell).

The term "operably linked", when describing the relationship between two nucleic

10 acid regions, refers to a juxtaposition wherein the regions are in a relationship permitting

them to function in their intended manner. For example, a control sequence "operably

linked" to a coding sequence is ligated in such a way that expression of the coding sequence

is achieved under conditions compatible with the control sequences, such as when the

appropriate molecules (e.g., inducers and polymerases) are bound to the control or

15 regulatory sequence(s).

The term "phenotype" refers to the entire physical, biochemical, and physiological

makeup of a cell, e.g., having any one trait or any group of traits.

The term "polypeptide", and the terms "protein" and "peptide" which are used

interchangeably herein, refers to a polymer of amino acids. Exemplary polypeptides

20 include gene products, naturally-occurring proteins, homologs, orthologs, paralogs,

fragments, and other equivalents, variants and analogs of the foregoing.

The terms "polypeptide fragmenf ' or "fragment", when used in reference to a

reference polypeptide, refers to a polypeptide in which amino acid residues are deleted as

compared to the reference polypeptide itself, but where the remaining amino acid sequence

25 is usually identical to the corresponding positions in the reference polypeptide. Such

deletions may occur at the amino-terminus or carboxy-terminus of the reference

polypeptide, or altematively both. Fragments typically are at least 5, 6, 8 or 10 amino acids

long, at least 14 amino acids long, at least 20, 30, 40 or 50 amino acids long, at least 75

amino acids long, or at least 100, 150, 200, 300, 500 or more amino acids long. A fragment

30 can retain one or more of the biological activities of the reference polypeptide. In certain

embodiments, a fragment may comprise a druggable region, and optionally additional

amino acids on one or both sides of the dmggable region, which additional amino acids

may number from 5, 10, 15, 20, 30, 40, 50, or up to 100 or more residues. Further,
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fragments can include a sub-fragment of a specific region, which sub-fragment retains a

frmction of the region from which it is derived. In another embodiment, a fragment may

have immimogenic properties.

The term "polypeptide of the invention" refers to a polypeptide comprising a subject

5 amino acid sequence, or an equivalent or fragment thereof, e.g., a polypeptide comprising a

sequence consisting of, or consisting essentially of, a subject amino acid sequence.

Polypeptides of the invention include polypeptides comprising all or a portion of a subject

amino acid sequence; a subject amino acid sequence with 1 to about 2, 3, 5, 7, 10, 15, 20,

30, 50, 75 or more conservative amino acid substitutions; an amino acid sequence that is at

10 least 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, or 99% identical to a subject amino acid

sequence; and fimctional fragments thereof. Polypeptides of the invention also include

homologs, e.g., orthologs and paralogs, of a subject amino acid sequence.

The term "purified" refers to an object species that is the predominant species

present (i.e., on a molar basis it is more abundant than any other individual species in the

15 composition). A "purified fraction" is a composition wherein the object species comprises

at least about 50 percent (on a molar basis) of all species present. In making the

determination of the purity of a species in solution or dispersion, the solvent or matrix in

which the species is dissolved or dispersed is usually not included in such determination;

instead, only the species (including the one of interest) dissolved or dispersed are taken into

20 account. Generally, a purified composition will have one species that comprises more than

about 80 percent of all species present in the composition, more than about 85%, 90%,

95%, 99% or more of all species present. The object species may be purified to essential

homogeneity (contaminant species cannot be detected in the composition by conventional

detection methods) wherein the composition consists essentially of a single species. A
25 skilled artisan may purify a polypeptide of the invention using standard techniques for

protein purification in light of the teachings herein. Purity of a polypeptide may be

determined by a number of methods known to those of skill in the art, including for

example, aniino-terminal amino acid sequence analysis, gel electrophoresis, msiss-

spectrometry analysis and the methods described in the Exemplification section herein.

30 The terms "recombinant protein" or "recombinant polypeptide" refer to a

polypeptide which is produced by recombinant DNA techniques. An example of such

techniques includes the case when DNA encoding the expressed protein is inserted into a
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suitable expression vector which is in turn used to transform a host cell to produce the

protein or polypeptide encoded by the DNA.

A "reference sequence" is a defined sequence used as a basis for a sequence

comparison; a reference sequence may be a subset of a larger sequence, for example, as a

5 segment of a fulHength protein given in a sequence listing such as a subject amino acid

sequence, or may comprise a complete protein sequence. Generally, a reference sequence

is at least 200, 300 or 400 nucleotides in length, frequently at least 600 nucleotides in

length, and often at least 800 nucleotides in length (or the protein equivalent if it is shorter

or longer in length). Because two proteins may each (1) comprise a sequence (i.e., a

10 portion of the complete protein sequence) that is similar between the two proteins, and (2)

may further comprise a sequence that is divergent between the two proteins, sequence

comparisons between two (or more) proteins are typically performed by comparing

sequences of the two proteins over a "comparison window" to identify and compare local

regions of sequence similarity.

15 The term "regulatory sequence" is a generic term used throughout the specification

to refer to polynucleotide sequences, such as initiation signals, enhancers, regulators and

promoters, that are necessary or desirable to affect the expression of coding and non-coding

sequences to which they are operably linked. Exemplary regulatory sequences are

described in Goeddel; Gene Expression Technology: Methods in Enzymology, Academic

20 Press, San Diego, CA (1990), and include, for example, the early and late promoters of

SV40, adenovirus or cytomegaloviras immediate early promoter, the lac system, the trp

system, the TAG or TRC system, T7 promoter whose expression is directed by T7 RNA
polymerase, the major operator and promoter regions of phage lambda, the control regions

for fd coat protein, the promoter for 3-phosphoglycerate kinase or other glycolytic enzymes,

25 the promoters of acid phosphatase, e.g., Pho5, the promoters of the yeast a-mating factors,

the polyhedron promoter of the baculovirus system and other sequences known to control

the expression of genes of prokaryotic or eukaryotic cells or their viruses, and various

combinations thereof. The nature and use of such control sequences may differ depending

upon the host organism. In prokaryotes, such regulatory sequences generally include

30 promoter, ribosomal binding site, and transcription termination sequences. The term

"regulatory sequence" is intended to include, at a minimum, components whose presence

may influence expression, and may also include additional components whose presence is

advantageous, for example, leader sequences and fusion partner sequences. In certain
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embodiments, transcription of a polynucleotide sequence is under the control of a promoter

sequence (or other regulatory sequence) which controls the expression of the

polynucleotide in a cell-type in which expression is intended. It will also be understood

that the polynucleotide can be under the control of regulatory sequences which are the same

5 or different from those sequences which control expression of the naturally-occurring form

of the polynucleotide.

The term "reporter gene" refers to a nucleic acid comprising a nucleotide sequence

encoding a protein that is readily detectable either by its presence or activity, including, but

not limited to, luciferase, fluorescent protein (e.g., green fluorescent protein),

10 chloramphenicol acetyl transferase, p-galactosidase, secreted placental alkaline

phosphatase, P-lactamase, human growth hormone, and other secreted enzyme reporters.

Generally, a reporter gene encodes a polypeptide not otherwise produced by the host cell,

which is detectable by analysis of the cell(s), e.g., by the direct fluorometric, radioisotopic

or spectrophotometric analysis of the cell(s) and preferably without the need to kill the cells

15 for signal analysis. In certain instances, a reporter gene encodes an enzyme, which

produces a change in fluorometric properties of the host cell, which is detectable by

qualitative, quantitative or semiquantitative function or transcriptional activation.

Exemplary enzymes include estereises, p-lactamase, phosphatases, peroxidases, proteases

(tissue plasminogen activator or urokinase) and other enzymes whose function may be

20 detected by appropriate chromogenic or fluorogenic substrates known to those skilled in the

art or developed in the future.

The term "sequence homology" refers to the proportion of base matches between

two nucleic acid sequences or the proportion of amino acid matches between two amino

acid sequences. When sequence homology is expressed as a percentage, e.g., 50%, the

25 percentage denotes the proportion of matches over the length of sequence from a desired

sequence (e.g., SEQ. ID NO: 1) that is compared to some other sequence. Gaps (in either

of the two sequences) are permitted to maximize matching; gap lengths of 15 bases or less

are usually used, 6 bases or less are used more frequently, with 2 bases or less used even

more frequently. The term "sequence identity" means that sequences are identical (i.e., on

30 a nucleotide-by-nucleotide basis for nucleic acids or amino acid-by-amino acid basis for

polypeptides) over a window of comparison. The term "percentage of sequence identity" is

calculated by comparing two optimally aligned sequences over the comparison window,

determining the number of positions at which the identical amino acids occurs in both
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sequences to yield the number of matched positions, dividing the number of matched

positions by the total nxmiber of positions in the comparison window, and multiplying the

result by 100 to yield the percentage of sequence identity. Methods to calculate sequence

identity are known to those of skill in the art and described in further detail below.

The term "small molecule" refers to a compound, which has a molecular weight of

less than about 5 kD, less than about 2.5 kD, less than about 1.5 kD, or less than about 0.9

kD. Small molecules may be, for example, nucleic acids, peptides, polypeptides, peptide

nucleic acids, peptidomimetics, carbohydrates, lipids or other organic (carbon containing)

or inorganic molecules. Many pharmaceutical companies have extensive libraries of

chemical and/or biological mixtures, often ftmgal, bacterial, or algal extracts, which can be

screened with any of the assays of the invention. The term "small organic molecule" refers

to a small molecule that is often identified as being an organic or medicinal compound, and

does not include molecules that are exclusively nucleic acids, peptides or polypeptides.

The term "soluble" as used herein with reference to a polypeptide of the invention

or other protein, means that upon expression in cell culture, at least some portion of the

polypeptide or protein expressed remains in the cytoplasmic firaction of the cell and does

not fractionate with the cellular debris upon lysis and centrifiigation of the lysate.

Solubility of a polypeptide may be increased by a variety of art recognized methods,

including fiision to a heterologous amino acid sequence, deletion of amino acid residues,

amiao acid substitution (e.g., enriching the sequence with amino acid residues having

hydrophiUc side chains), and chemical modification (e.g., addition of hydrophilic groups).

The solubiUty of polypeptides may be measured using a variety of art recognized

techniques, including, dynamic light scattering to determine aggregation state, UV
absorption, centrifiigation to separate aggregated from non-aggregated material, and SDS
gel electrophoresis (e.g., the amount of protein in the soluble fraction is compared to the

amount of protein in the soluble and insoluble fractions combined). When expressed in a

host cell, the polypeptides of the invention may be at least about 1%, 2%, 5%, 10%, 20%,

30%, 40%, 50%, 60%, 70%, 80%, 90% or more soluble, e.g., at least about 1%, 2%, 5%,

10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or more of the total amount of protein

expressed in the cell is found in the cytoplasmic fraction. In certain embodiments, a one

liter culture of cells expressing a polypeptide of the invention will produce at least about

0.1, 0.2, 0.5, 1, 2, 5, 10, 20, 30, 40, 50 milligrams or more of soluble protein. In an
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exemplary embodiment, a polypeptide of the invention is at least about 10% soluble and

will produce at least about 1 milligram ofprotein from a one liter cell culture.

The term "specifically hybridizes" refers to detectable and specific nucleic acid

binding. Polynucleotides, oligonucleotides and nucleic acids of the invention selectively

hybridize to nucleic acid strands under hybridization and wash conditions that minimize

appreciable amounts of detectable binding to nonspecific nucleic acids. Stringent

conditions may be used to achieve selective hybridization conditions as known in the art

and discussed herein. Generally, the nucleic acid sequence homology between the

polynucleotides, oligonucleotides, and nucleic acids of the invention and a nucleic acid

sequence of interest will be at least 30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, 95%,

98%, 99%, or more. In certain instances, hybridization and washing conditions are

performed under stringent conditions according to conventional hybridization procedures

and as described further herein.

The terms "stringent conditions" or "stringent hybridization conditions" refer to

conditions which promote specific hydribization between two complementary

polynucleotide strands so as to form a duplex. Stringent conditions may be selected to be

about 5°C lower than the thermal melting point (Tm) for a given polynucleotide duplex at a

defined ionic strength and pH. The length of the complementary polynucleotide strands

and their GC content will determine the Tm of the duplex, and thus the hybridization

conditions necessary for obtaining a desired specificity of hybridization. The Tm is the

temperature (under defined ionic strength and pH) at which 50% of the a polynucleotide

sequence hybridizes to a perfectly matched complementary strand. In certain cases it may
be desirable to increase the stringency of the hybridization conditions to be about equal to

the Tm for a particular duplex.

A variety of techniques for estimating the Tm are available. Typically, G-C base

pairs in a duplex are estimated to contribute about S^'C to the Tm, while A-T base pairs are

estimated to contribute about 2''C, up to a theoretical maximum of about 80-1 00°C.

However, more sophisticated models of Tm are available in which G-C stacking

interactions, solvent effects, the desired assay temperature and the like are taken into

account. For example, probes can be designed to have a dissociation temperature (Td) of

approximately 60°C, using the formula: Td = (((((3 x #GC) + (2 x #AT)) x 37) - 562)/#bp) -

5; where #GC, #AT, and #bp are the number of guanine-cjnosine base pairs, the number of
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adenine-thymine base pairs, and the number of total base pairs, respectively, involved in the

formation ofthe duplex.

Hybridization may be carried out in 5xSSC, 4xSSC, 3xSSC, 2xSSC, IxSSC or

0.2xSSC for at least about 1 hour, 2 hours, 5 hours, 12 hours, or 24 hours. The temperature

of the hybridization may be increased to adjust the stringency of the reaction, for example,

from about 25*'C (room temperature), to about 45°C, 50°C, SS'^C, 60°C, or OS'^C. The

hybridization reaction may also include another agent affecting the stringency, for example,

hybridization conducted in the presence of 50% formamide increases the stringency of

hybridization at a defined temperature.

The hybridization reaction may be followed by a single wash step, or two or more

wash steps, which may be at the same or a different salinity and temperature. For example,

the temperature of the wash may be increased to adjust the stringency from about 25°C

(room temperature), to about 45°C, 50°C, 55°C, 60°C, 65°C, or higher. The wash step may
be conducted in the presence of a detergent, e.g., 0.1 or 0.2% SDS. For example,

hybridization may be followed by two wash steps at eS^'C each for about 20 minutes in

2xSSC, 0.1% SDS, and optionally two additional wash steps at 65°C each for about 20

minutes in 0.2xSSC, 0.1%SDS.

Exemplary stringent hybridization conditions include overnight hybridization at

65°C in a solution comprising, or consisting of, 50% formamide, lOxDenhardt (0.2% FicoU,

0.2% PolyvinylpyrroUdone, 0.2% bovine serum albumin) and 200 g/ml of denatured

carrier DNA, e.g., sheared salmon sperm DNA, followed by two wash steps at 65''C each

for about 20 minutes in 2xSSC, 0.1% SDS, and two wash steps at 65°C each for about 20

minutes in 0.2xSSC, 0. 1%SDS.

Hybridization may consist of hybridizing two nucleic acids in solution, or a nucleic

acid in solution to a nucleic acid attached to a soUd support, e.g., a filter. When one nucleic

acid is on a solid support, a prehybridization step may be conducted prior to hybridization.

Prehybridization may be carried out for at least about 1 hour, 3 hours or 10 hours in the

same solution and at the same temperature as the hybridization solution (without the

complementary polynucleotide strand).

Appropriate stringency conditions are known to those skilled in the art or may be

determined experimentally by the skilled artisan. See, for example. Current Protocols in

Molecular Biology, John Wiley & Sons, N.Y. (1989), 6.3.1-12.3.6; Sambrook et al., 1989,

Molecular Cloning, A Laboratory Manual, Cold Spring Harbor Press, N.Y; S. Agrawal
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(ed.) Methods in Molecular Biology, volume 20; Tijssen (1993) Laboratory Techniques in

biochemistiy and molecular biology-hybridization with nucleic acid probes, e.g., part I

chapter 2 "Overview of principles of hybridization and the strategy of nucleic acid probe
assays", Elsevier, New York; and Tibanyenda, N. et al., Eur. J. Biochem. 139:19 (1984)
and Ebel, S. et al., Biochem. 31 :12083 (1992).

The term "subject nucleic acid sequences" refers to all the nucleotide sequences that

are subject nucleic acid sequences (predicted) and subject nucleic acid sequences

(experimental) (as both those terms are defined below), and the tenn "a subject nucleic acid

sequence" refers to one (and optionally more) of those nucleotide sequences. The term
"subject nucleic acid sequences (experhnental)" refers to the nucleotide sequences set forth

in SEQ ID NO: 6, SEQ ID NO: 15, SEQ ID NO: 24, SEQ ID NO: 33, SEQ ID NO: 42,
SEQ ID NO: 51, SEQ ID NO: 60, SEQ ID NO: 69, SEQ ID NO: 78, SEQ ID NO: 87, SEQ
ID NO: 96, SEQ ID NO: 105, SEQ ID NO: 114, SEQ ID NO: 123, SEQ ID NO: 132, SEQ
ID NO: 141, SEQ ID NO: 150, SEQ ID NO: 159, SEQ ID NO: 168. and any other nucleic

acid sequences set forth in the Figures that by comparison to the foregomg sequences
should be included in this definition, and the term "a subject nucleic acid sequence
(experimental)" refers to one (and optionally more) of those nucleotide sequences. The
term "subject nucleic acid sequences (predicted)" refers to the nucleotide sequences set

forth in SEQ ID NO: 4, SEQ ID NO: 13, SEQ ID NO: 22, SEQ ID NO: 31, SEQ ID NO:
40, SEQ ID NO: 49, SEQ ID NO: 58, SEQ ID NO: 67, SEQ ID NO: 76, SEQ ID NO: 85,
SEQ ID NO: 94, SEQ ID NO: 103, SEQ ID NO: 1 12, SEQ ID NO: 121, SEQ ID NO: 130,'

SEQ ID NO: 139, SEQ ID NO: 148, SEQ ID NO: 157, SEQ ID NO: 166, and any other

nucleic acid sequences set forth in the Figures that by comparison to the foregoing

sequences should be included in this definition, and the term "a subject nucleic acid

sequence (predicted)" refers to one (and optionally more) ofthose nucleotide sequences.

The term "subject amino acid sequences" refers to all the ammo acid sequences that

are subject amino acid sequences (predicted) and subject ammo acid sequences

(experimental) (as both those terms are defined below), and the term "a subject amino acid

sequence" refers to one (and optionally more) of those amino acid sequences. The term
"subject amino acid sequences (experimental)" refers to the amino acid sequences set forth

in SEQ ID NO: 7, SEQ ID NO: 16, SEQ ID NO: 25, SEQ ID NO: 34, SEQ ID NO: 43,
SEQ ID NO: 52, SEQ ID NO: 61, SEQ ID NO: 70, SEQ ID NO: 79, SEQ ED NO: 88, SEQ
ID NO: 97, SEQ ID NO: 106, SEQ ID NO: 1 15, SEQ ID NO: 124, SEQ ID NO: 133, SEQ
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ID NO: 142. SEQ ID NO: 151, SEQ ID NO: 160, SEQ ID NO: 169, and any other amino

acid sequences set forth in the Figures that by comparison to the foregoing sequences

should be included in this defmition, and the tenn"a subject amino acid sequence

(experimental)" refers to one (and optionally more) of those amino acid sequences. The

term "subject amino acid sequences (predicted)" refers to the amino acid sequences set

forth in SEQ ID NO: 5, SEQ ID NO: 14, SEQ ID NO: 23, SEQ ID NO: 32, SEQ ID NO:
41, SEQ ID NO: 50, SEQ ID NO: 59, SEQ ID NO: 68, SEQ ID NO: 77, SEQ ID NO: 86,

SEQ ID NO: 95, SEQ ID NO: 104, SEQ ID NO: 1 13, SEQ ID NO: 122, SEQ ID NO: 131,

SEQ ID NO: 140, SEQ ID NO: 149, SEQ ID NO: 158, SEQ ID NO: 167, and any other

amino acid sequences set forth in the Figures that by comparison to the foregoing sequences

should be included in this defmition, and the term "a subject amino acid sequence

predicted)" refers to one (and optionally more) ofthose amino acid sequences.

As applied to proteins, the term "substantial identity" means that two protein

sequences, when optimally aligned, such as by the programs GAP or BESTFIT using

default gap weights, typically share at least about 70 percent sequence identity, alternatively

at least about 80, 85, 90, 95 percent sequence identity or more. In certain instances, residue

positions that are not identical differ by conservative amino acid substitutions, which are

described above.

The term "structural motif, when used in reference to a polypeptide, refers to a

polypeptide that, although it may have different amino acid sequences, may result in a

similar structure, wherein by structure is meant that the motif forms generally the same
tertiary structure, or that certain amino acid residues within the motif, or altematively their

backbone or side chains (which may or may not include the C atoms of the side chains)

are positioned in a like relationship with respect to one another in the motif

The term "test compound" refers to a molecule to be tested by one or more
screening method(s) as a putative modulator of a polypeptide of the invention or other

biological entity or process. A test compound is usuaUy not known to bind to a target of

interest. The term "control test compound" refers to a compound known to bind to the

target (e.g., a known agonist, antagonist, partial agonist or inverse agonist). The term "test

compound" does not include a chemical added as a control condition that alters the function

of the target to determine signal specificity in an assay. Such control chemicals or

conditions include chemicals tiiat 1) nonspecifically or substantially disrupt protein

stanictiire (e.g., denaturing agents (e.g., urea or guanidinium), chaotiropic agents, sulfhydryl
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reagents (e.g., dithiothreitol and P-mercaptoethanol), and proteases), 2) generally inhibit

cell metabolism (e.g., mitochondrial uncouplers) and 3) non-specifically disrupt

electrostatic or hydrophobic interactions of a protein (e.g., high salt concentrations, or

detergents at concentrations sufficient to non-specifically disrupt hydrophobic interactions).

Further, the term "test compound" also does not include compounds known to be unsuitable

for a therapeutic use for a particular indication due to toxicity of the subject. In certain

embodknents, various predetermined concentrations of test compounds are used for

screening such as 0.01 ^iM, 0.1 |liM, 1.0 ^M, and 10.0 jiM. Examples of test compounds

include, but are not Umited to, peptides, nucleic acids, carbohydrates, and small molecules.

The term "novel test compound" refers to a test compoimd that is not in existence as of the

filing date of this application. In certain assays using novel test compounds, the novel test

compounds comprise at least about 50%, 75%, 85%, 90%, 95% or more of the test

compounds used in the assay or in any particular trial ofthe assay.

The term "therapeutically effective amount" refers to that amount of a modulator,

drug or other molecule which is sufficient to effect treatment when administered to a

subject in need of such treatment. The therapeutically effective amount will vary

depending upon the subject and disease condition being treated, the weight and age of the

subject, the severity of the disease condition, the manner of administration and the like,

which can readily be determined by one of ordinary skill in the art.

The term "transfection" means the introduction of a nucleic acid, e.g., an expression

vector, into a recipient cell, which in certain instances involves nucleic acid-mediated gene

transfer. The term "transformation" refers to a process in which a cell's genotype is

changed as a result of the cellular uptake of exogenous nucleic acid. For example, a

transformed cell may ej^ress a recombinant form of a polypeptide of the invention or

antisaise expression may occur from the transferred gene so that the expression of a

naturally-occurring form ofthe gene is disrupted.

The term "transgene" means a nucleic acid sequence, which is partly or entirely

heterologous to a transgenic animal or cell into which it is introduced, or, is homologous to

an endogenous gene of the transgenic animal or cell into which it is iutroduced, but which

is designed to be inserted, or is inserted, into the animal's genome in such a way as to alter

the genome of the cell into which it is inserted (e.g., it is inserted at a location which differs

from that of the natural gene or its insertion results in a knockout). A transgene may
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include one or more regulatory sequences and any other nucleic acids, such as introns, that

may be necessary for optimal expression.

The term "transgenic animal" refers to any animal, for example, a mouse, rat or

other non-human mammal, a bird or an amphibian, in which one or more of the cells of the

5 animal contain heterologous nucleic acid introduced by way ofhuman intervention, such as

by transgenic techniques well known in the art. The nucleic acid is introduced into the cell,

directly or indirectly, by way of deliberate genetic manipulation, such as by microinjection

or by infection with a recombinant vims. The term genetic manipulation does not include

classical cross-breeding, or in vitro fertilization, but rather is directed to the introduction of

10 a recombinant DNA molecule. This molecule may be integrated within a chromosome, or

it may be extrachromosomally replicating DNA. In the typical transgenic animals

described herein, the transgene causes cells to express a recombinant form of a protein.

However, transgenic animals in which the recombinant gene is silent are also contemplated.

The term 'Vector" refers to a nucleic acid capable of transporting anotihier nucleic

15 acid to which it has been linked. One type of vector which may be used in accord with flie

invention is an episome, i.e., a nucleic acid capable of extra-chromosomal replication.

Other vectors include those capable of autonomous replication and expression of nucleic

acids to which they are linked. Vectors capable of directing the expression of genes to

which they are operatively hnked are referred to herein as "expression vectors". In general,

20 expression vectors of utility in recombinant DNA techniques are often in the form of

**plasmids" which refer to circular double stranded DNA molecules which, in their vector

form are not boimd to the chromosome. In the present ^ecification, "plasmid" and "Vector"

are used interchangeably as the plasmid is the most commonly used form of vector.

However, the invention is intended to include such other forms of expression vectors which

25 serve equivalent functions and which become known in the art subsequently hereto.

Unless otherwise indicated, all niunbers expressing quantities of ingredients,

reaction conditions, and so forth used in the specification and claims are to be xmderstood as

being modified in all instances by the term "about." Accordingly, unless indicated to the

contrary, the nimierical parameters set forth in this specification and attached claims are

30 approximations that may vary depending upon the desired properties sought to be obtained

by the present invention.

2. Polypeptides ofthe Invention
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The present invention makes available in a variety of embodiments soluble, purified

and/or isolated forms of the polypeptides of the invention. Milligram quantities of

exemplary polypeptides of the invention (optionally with a tag and optionally labeled) have

been isolated in a highly purified form. The present invention provides for expressing and

purifying polypeptides of the invention in quantities that equal or exceed the quantity of

polypeptide(s) of the invention expressed and purified as provided in the ExempUfication

section below (or smaller amount(s) thereof, such as 25%, 33%, 50% or 75% of the

amoxmt(s) so expressed and/or purifieci).

In one aspect, the present invention contemplates an isolated polypeptide

comprising (a) a subject amino acid sequence, (b) the subject amino acid sequence with 1 to

about 20 conservative amino acid substitutions, deletions or additions, (c) an amino acid

sequence that is at least 90% identical to the subject amino acid sequence, or (d) a

functional fragment of a polypeptide having an amino acid sequence set forth in (a), (b) or

(c). In another aspect, the present mvention contemplates a composition comprising such

an isolated polypeptide and less than about 10%, or alternatively 5%, or altematively 1%,

contaminating biological macromolecules or polypeptides.

It may be the case that the amino acid sequence for a polypeptide of the invention

predicted from the publicly available genomic information differs from the amino acid

sequence determined from the experimentally determined nucleic acid by one or more

amino acids. For example, in the case of UDP-N-acetylglucosamiiie 1-carboxyvinyl

transferase 1 (MURA) from P. aeruginosa, SEQ ID NO: 7 is determined from the

experimentally determined nucleic acid sequence SEQ ID NO: 6, and SEQ ID NO: 5 is

determined from SEQ ID NO: 4, which is obtained as described in EXAMPLE 1. In such a

case, the present invention contemplates the specific amino acid sequences of SEQ ID NO:

5 and SEQ ID NO: 7, and variants thereof, as well as any differences (if any) in the

polypeptides of the invention based on those SEQ ID NOS and nucleic acid sequences

encoding the same (including subject nucleic acid sequences).

In certain embodiments, a polypeptide of the invention is a fusion protein containing

a domain which increases its solubility and/or facilitates its purification, identification,

detection, and/or structural characterization. Exemplary domains, include, for example,

glutathione S-transferase (GST), protein A, protein G, cahnodulin-binding peptide,

thioredoxin, maltose binding protein, HA, myc, poly arginine, poly His, poly His-Asp or

FLAG fusion proteins and tags. Additional exemplary domains include domains that alter
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protein localization in vivo, such as signal peptides, type III secretion system-targeting

peptides, transcytosis domains, nuclear localization signals, etc. In various embodiments, a

polypeptide of the invention may comprise one or more heterologous fusions. Polypeptides

may contain multiple copies of the same fusion domain or may contain fusions to two or

more different domains. The fusions may occur at the N-terminus of the polypeptide, at the

C-tenninus of the polypeptide, or at both the N- and C-terminus of the polypeptide. It is

also within the scope of the invention to include linker sequences between a polypeptide of

the invention and the fusion domain in order to facilitate constraction of the fusion protein

or to optimize protein expression or structural constraints of the fusion protein. In another

embodiment, the polypeptide may be constructed so as to contain protease cleavage sites

between the fusion polypeptide and polypeptide of the invention in order to remove the tag

after protein expression or thereafter. Examples of suitable endoproteases, include, for

example. Factor Xa and TEV proteases.

In another embodiment, a polypeptide of the invention may be modified so that its

rate of traversing the cellular membrane is increased. For example, the polypeptide may be

fused to a second peptide which promotes "transcytosis," e.g., uptake of the peptide by

cells. The peptide may be a portion of the HIV transactivator (TAT) protein, such as the

fragment corresponding to residues 37-62 or 48-60 of TAT, portions which have been

observed to be rapidly taken up by a cell in vitro (Green and Loewenstein, (1989) Cell

55:1179-1188). Alternatively, the intemalizing peptide may be derived from the

Drosophila antennapedia protein, or homologs thereof. The 60 amino acid long

homeodomain of the homeo-protein antennapedia has been demonstrated to translocate

through biological membranes and can facilitate the translocation of heterologous

polypeptides to which it is coupled. Thus, polypeptides may be fused to a peptide

consisting of about amino acids 42-58 ofDrosophila antennapedia or shorter fragments for

transcytosis (Derossi et al. (1996) J Biol Chem 271:18188-18193; Derossi et al. (1994) J

Biol Chem 269:10444-10450; and Perez et al. (1992) J Cell Sci 102:717-722). The

transcytosis polypeptide may also be a non-naturally-occurring membrane-translocating

sequence (MTS), such as the peptide sequences disclosed in U.S. Patent No. 6,248,558.

In another embodiment, a polypeptide of the invention is labeled with an isotopic

label to facilitate its detection and or structural characterization using nuclear magnetic

resonance or another applicable technique. Exemplary isotopic labels include radioisotopic

labels such as, for example, potassium-40 (^^^K), carbon-14 (^^^C), tritium (^H), sulphur-35
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C%, phosphoms-32 (^^P), technetiuin-99m (^^™Tc), thalUum-201 (^^^Tl), gallium-67

i^'^Ga), indium-Ill ("'in), iodine-123 ('^^I), iodine-131 ('^'l), yttrium-90 ^Y), samarium-

153 (^^^Sm), rhenium-186 (^^^Re), rhenium-188 ('^^Re), dysprosium-165 C^^Dy) and

holmium-166 ( Ho). The isotopic label may also be an atom with non zero nuclear spin,

5 including, for example, hydrogen- 1 ('H), hydrogen-2 fH), hydrogen-3 (^H), phosphorous-

31 (^'P), sodium-23 (^^Na), nitrogen-14 ('"N), nitrogen-15 C^N), carbon-13 (^^C) and

fluorine-19 ('^F). In certain embodiments, the polypeptide is uniformly labeled with an

isotopic label, for example, wherein at least 50%, 70%, 80%, 90%, 95%, or 98% of the

possible labels in tiie polypeptide are labeled, e.g., wherein at least 50%, 70%, 80%, 90%,

10 95%, or 98% of the nitrogen atoms in the polypeptide are '^N, and/or wherein at least 50%,

70%, 80%, 90%, 95%, or 98% of the carbon atoms m the polypeptide are '^C, and/or

wherein at least 50%, 70%, 80%, 90%, 95%, or 98% of the hydrogen atoms in the

polypeptide are H. In other embodiments, the isotopic label is located in one or more

specific locations within the polypeptide, for example, the label may be specifically

15 incorporated into one or more of the leucine residues of the polypeptide. The invention also

encompasses the embodiment wherein a single polypeptide comprises two, three or more

different isotopic labels, for example, the polypeptide comprises both ^^N and ^^C labeling.

In yet another embodiment, the polypeptides of the invention are labeled to facilitate

structural characterization using x-ray crystallography or another apphcable technique.

20 Exemplary labels include heavy atom labels such as, for example, cobalt, selenium,

krypton, bromine, strontium, molybdenum, mthenium, rhodium, palladium, silver,

cadmium, tin, iodine, xenon, baritrai, lanthanum, cerium, praseodymiimi, neodymium,

samarium, europium, gadolinium, terbium, dysprosium, hohnium, erbium, thuliimi,

ytterbium, lutetium, tantalum, tungsten, rhenium, osmium, iridium, platinum, gold,

25 mercury, thallium, lead, thorium and uranium. In an exemplary embodiment, the

polypeptide is labeled with seleno-methionine.

A variety of methods are available for preparing a polypeptide Avith a label, such as

a radioisotopic label or heavy atom label. For example, in one such method, an expression

vector comprising a nucleic acid encoding a polypeptide is introduced into a host cell, and

30 the host cell is cultured in a cell culture medium in the presence of a source of the label,

thereby generating a labeled polypeptide. As indicated above, the extent to which a

polypeptide may be labeled may vary.
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In still another embodiment, the polypeptides of the invention are labeled with a

fluorescent label to. facilitate their detection, purification, or structural characterization. In

an exemplary embodiment, a polypeptide of the invention is fused to a heterologous

polypeptide sequence which produces a detectable fluorescent signal, including, for

example, green fluorescent protein (GFP), enhanced green fluorescent protein (EGFP),
Renilla Reniformis green fluorescent protein, GFPmut2, GFPuv4, enhanced yellow
fluorescent protein (EYFP), enhanced cyan fluorescent protein (ECFP), enhanced blue

fluorescent protein (EBFP), citrine and red fluorescent protein from discosoma (dsRED).

In other embodiments, the invention provides for polypeptides of the invention

immobilized onto a soUd surface, including, plates, microtiter plates, slides, beads,

particles, spheres, fihns, strands, precipitates, gels, sheets, tubing, containers, capillaries,

pads, slices, etc. The polypeptides of the invention may be immobiUzed onto a "chip" as

part of an array. An array, having a plurality of addresses, may comprise one or more
polypeptides of the invention in one or more of those addresses. In one embodiment, the

chip comprises one or more polypeptides of the invention as part of an array that contains at

least some polypeptide sequences from the pathogen of origin.

In still other embodiments, the invention comprises the polypeptide sequences ofthe
mvention in computer readable fonnat. The invention also encompasses a database

comprising the polypeptide sequences ofthe invention.

In other embodiments, the invention relates to the polypeptides of the invention

contained within a vessels useful for manipulation of the polypeptide sample. For example,
the polypeptides of the invention may be contained within a microtiter plate to facilitate

detection, screening or purification of the polypeptide. The polypeptides may also be
contained within a syringe as a container suitable for administering the polypeptide to a
subject in order to generate antibodies or as part of a vacciuation regimen. The
polypeptides may also be contained within anNMR tube in order to enable characterization

by nuclear magnetic resonance techniques.

In still other embodiments, the invention relates to a crystaUized polypeptide of the

invention and crystalUzed polypeptides which have been mounted for examination by x-ray

crystallography as described further below. In certain instances, a polypeptide of the

invention in crystal form may be single crystals of various dunensions (e.g., micro-crystals)
or may be an aggregate of crystalline material. In another aspect, the present invention

contemplates a crystallized complex including a polypeptide of the invention and one or

-44-



wo 03/087353 PCT/CA03/00481

more of the following: a co-factor (such as a salt, metal, nucleotide, oligonucleotide or

polypeptide), a modulator, or a small molecule. In another aspect, the present invention

contemplates a crystallized complex including a polypeptide of the invention and any other

molecule or atom (such as a metal ion) that associates with the polypeptide in vivo.

In certain embodiments, polypeptides of the invention may be synthesized

chemically, ribosomaUy in a cell free system, or ribosomally within a cell. Chemical

synthesis of polypeptides of the invention may be carried out using a variety of art

recognized methods, including stepwise solid phase synthesis, semi-synthesis through the

conformationally-assisted re-Ugation of peptide fragments, enzymatic Ugation of cloned or

synthetic peptide segments, and chemical Ugation. Native chemical ligation employs a

chemoselective reaction of two unprotected peptide segments to produce a transient

thioester-linked intermediate. The transient thioester-linked intermediate then

spontaneously undergoes a rearrangement to provide the fuU length Ugation product having
a native peptide bond at the ligation site. Full length ligation products are chemically

identical to proteins produced by ceU free synthesis. Full length ligation products may be
refolded and/or oxidized, as allowed, to form native disulfide-containing protein molecules,

(see e.g., U.S. Patent Nos. 6,184,344 and 6,174,530; and T. W. Muir et al., Curr. Opin.

Biotech. (1993): vol. 4, p 420; M. Miller, et al., Science (1989): vol. 246, p 1149; A.
Wlodawer, et al.. Science (1989): vol. 245, p 616; L. H. Huang, et al.. Biochemistry (1991):

vol. 30, p 7402; M. Schnolzer, et al., Int. J. Pept. Prot. Res. (1992): vol. 40, p 180-193; K.
Rajarathnam, et al.. Science (1994): vol. 264, p 90; R. E. Offord, "Chemical Approaches to

Protein Engineering", in Protein Design and the Development of New therapeutics and
Vaccines, J. B. Hook, G. Poste, Eds., (Plenum Press, New York, 1990) pp. 253-282; C. J.

A. Wallace, et al., J. Biol. Chem. (1992): vol. 267, p 3852; L. Abrahmsen, et al..

Biochemistry (1991): vol. 30, p 4151; T. K. Chang, et al., Proc. Natl. Acad. Sci. USA
(1994) 91: 12544-12548; M. Schnlzer, et al.. Science (1992): vol., 3256, p 221; and K.
Akaji, et al., Chem. Pharm. BuU. (Tokyo) (1985) 33: 184).

In certain embodiments, it may be advantageous to provide naturally-occurring or

experimentally-derived homoiogs of a polypeptide of the invention. Such homologs may
function in a Umited capacity as a modulator to promote or inhibit a subset of the biological

activities of the naturally-occurring form of the polypeptide. Thus, specific biological

effects may be eUcited by treatment with a homolog of Umited function, and with fewer

side effects relative to treatment with agonists or antagonists which are directed to all ofthe
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biological activities of a polypeptide of the invention. For instance, antagonistic homologs

may be generated which interfere with the ability of the wild-type polypeptide of the

invention to associate with certain proteins, but which do not substantially interfere with the

formation of complexes between the native polypeptide and other cellular proteins.

Another aspect of the invention relates to polypeptides derived from the full-length

polypeptides of the invention. Isolated peptidyl portions of those polypeptides may be

obtained by screening polypeptides recombinantly produced from the corresponding

fragment of the nucleic acid encoding such polypeptides. In addition, fragments may be

chemically synthesized using techniques known in the art such as conventional Merrifield

solid phase f-Moc or t-Boc chemistry. For example, protems may be arbitrarily divided

into fragments of desired length with no overlap of the fragments, or may be divided into

overlapping fragments of a desired length. The fragments may be produced (recombinantly

or by chemical synthesis) and tested to identify those peptidyl fragments having a desired

property, for example, the capability of fimctioning as a modulator of the polypeptides of

the invention. In an illustrative embodiment, peptidyl portions of a protein of the invention

may be tested for binding activity, as well as inhibitory ability, by expression as, for

example, thioredoxin ftision proteins, each of which contains a discrete fragment of a

protein of the invention (see, for example, U.S. Patents 5,270,181 and 5,292,646; and PCX

pubUcation W094/ 02502).

In another embodiment, truncated polypeptides may be prepared. Truncated

polypeptides have from 1 to 20 or more amino acid residues removed from either or both

the N- and C-termini. Such truncated polypeptides may prove more amenable to

expression, purification or characterization than the fiiU-length polypeptide. For example,

truncated polypeptides may prove more amenable than the fiiU-length polypeptide to

crystalhzation, to yielding high quaUty diffracting crystals or to yielding an HSQC with

high intensity peaks and minimally overlapping peaks. In addition, the use of truncated

polypeptides may also identify stable and active domams of the fiiU-length polypeptide that

may be more amenable to characterization.

It is also possible to modify the structure of the polypeptides of the invention for

such purposes as enhancing therapeutic or prophylactic efficacy, or stability (e.g., ex vivo

shelf hfe, resistance to proteolytic degradation in vivo, etc.). Such modified polypeptides,

when designed to retain at least one activity of the naturally-occurring form of the protein,

are considered "fimctional equivalents" of the polypeptides described in more detail herein.
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Such modified polypeptides may be produced, for instance, by amino acid substitution,

deletion, or addition, which substitutions may consist in whole or part by conservative

amino acid substitutions.

For instance, it is reasonable to expect that an isolated conservative amino acid

substitution, such as replacement of a leucine with an isoleucine or valine, an aspartate with

a glutamate, a threonine with a serine, will not have a major affect on the biological activity

of the resulting molecule. Whether a change m the amino acid sequence of a polypeptide

results in a functional homolog may be readily determined by assessing the ability of the

variant polypeptide to produce a response similar to that of the wild-type protein.

Polypeptides in which more than one replacement has taken place may readily be tested in

the same manner.

This invention further contemplates a method of generating sets of combmatorial

mutants of polypeptides of tiie invention, as well as truncation mutants, and is especially

useful for identifying potential variant sequences (e.g. homologs). The purpose of
screening such combinatorial libraries is to generate, for example, homologs which may
modulate the activity of a polypeptide of the invention, or alternatively, which possess

novel activities altogetiier. Combinatorially-derived homologs may be generated which
have a selective potency relative to a natiirally-occurring protein. Such homologs may be
used in the development oftherapeutics.

Likewise, mutagenesis may give rise to homologs which have intracellular half-

Uves dramatically different than tiie corresponding wild-type protein. For example, the

altered protein may be rendered either more stable or less stable to proteolytic degradation

or otiier cellular process which result in destiiiction of, or otherwise inactivation of the

protem. Such homologs, and the genes which encode them, may be utiUzed to alter protein

expression by modulating the half-Ufe of the protein. As above, such proteins may be used

for the development oftherapeutics or treatment.

In similar fashion, protein homologs may be generated by the present combinatorial

approach to act as antagonists, in tiiat they are able to interfere with tiie activity of the

corresponding wild-type protein.

In a representative embodiment of tiiis metiiod, the amino acid sequences for a

population of protein homologs are ahgned, preferably to promote the highest homology
possible. Such a population of variants may include, for example, homologs from one or

more species, or homologs from the same species but which differ due to mutation. Amino
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acids which appear at each position of the aligned sequences are selected to create a
degenerate set of combinatorial sequences. In certain embodiments, the combinatorial
library is produced by way of a degenerate Ubraiy of genes encoding a library of
polypeptides which each include at least a portion of potential protein sequences. For
instance, a mixture of synthetic oUgonucleotides may be enzymatically ligated into gene
sequences such that the degenerate set of potential nucleotide sequences are expressible as
individual polypeptides, or alternatively, as a set of larger fusion proteins (e.g. for phage
display).

There are many ways by which the Ubrary of potential homologs may be generated
from a degenerate oligonucleotide sequence. Chemical synthesis of a degenerate gene
sequence may be carried out in an automatic DNA synthesizer, and the synthetic genes may
then be Ugated into an appropriate vector for expression. One puipose of a degenerate set
of genes is to provide, in one mixture, aU of the sequences encoding the desired set of
potential protein sequences. The synthesis of degenerate oligonucleotides is well known in
the art (see for example, Narang, SA (1983) Tetrahedron 39:3; Itakura et al., (1981)
Recombinant DNA, Proc. 3rd Cleveland Sympos. Macromolecules, ed. AG Walton,
Amsterdam: Elsevier pp. 273-289; Itakura et al., (1984) Annu. Rev. Biochem. 53:323;'

Itakura et al., (1984) Science 198:1056; Dee et al., (1983) Nucleic Acid Res. 1 1 :477). Such
techniques have been employed in the directed evolution of other proteins (see, for
example, Scott et al., (1990) Science 249:386-390; Roberts et al., (1992) PNAS USA
89:2429-2433; Devlin et al., (1990) Science 249: 404-406; Cwirla et al., (1990) PNAS USA
87: 6378-6382; as well as U.S. Patent Nos: 5,223,409, 5,198,346, and 5,096,815).

Alternatively, other forms of mutagenesis may be utihzed to generate a
combinatorial Ubrary. For example, protein homologs (both agonist and antagonist fonns)
may be generated and isolated from a library by screening using, for example, alanine
scanning mutagenesis and the Hke (Ruf et al., (1994) Biochemistry 33:1565-1572; Wang et
al., (1994) J. Biol. Chem. 269:3095-3099; Balint et al., (1993) Gene 137:109-118; Grodberg
et al., (1993) Eur. J. Biochem. 218:597-601; Nagashima et al., (1993) J. Biol Chem.
268:2888-2892; Lowman et al., (1991) Biochemistry 30:10832-10838; and Cunningham et
al., (1989) Science 244:1081-1085), by linker scanning mutagenesis (Gustin et al., (1993)
Virology 193:653-660; Brown et al., (1992) Mol. Cell Biol. 12:2644-2652; McKnight et al.,

(1982) Science 232:316); by saturation mutagenesis (iSleyers et al., (1986) Science
232:613); by PGR mutagenesis (Leung et al., (1989) Method Cell Mol Biol 1:1 1-19); or by
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random mutagenesis (Miller et al., (1992) A Short Course in Bacterial Genetics, CSHL

Press, Cold Spring Harbor, NY; and Greener et aL, (1994) Strategies in Mol Biol 7:32-34).

Linker scanning mutagenesis, particularly in a combinatorial setting, is an attractive method

for identifying truncated forms ofproteins that are bioactive.

5 A wide range of techniques are known in the art for screening gene products of

combinatorial libraries made by point mutations and truncations, and for screening cDNA

libraries for gene products having a certain property. Such techniques will be generally

adaptable for rapid screening of the gene libraries generated by the combinatorial

mutagenesis of protein homologs. The most widely used techniques for screening large

10 gene libraries typically comprises cloning the gene library into replicable expression

vectors, transforming appropriate cells with the resulting library of vectors, and expressing

the combinatorial genes under conditions in which detection of a desired activity facilitates

relatively e£isy isolation of the vector encoding the gene whose product was detected. Each

of the illustrative assays described below are amenable to high throughput analysis as

15 necessary to screen large numbers of degenerate sequences created by combinatorial

mutagenesis techniques.

In an illustrative embodiment of a screening assay, candidate combinatorial gene

products are displayed on the surface of a cell and the ability of particular cells or viral

particles to bind to the combinatorial gene product is detected in a "panning assay". For

20 instance, the gene library may be cloned into the gene for a surface membrane protein of a

bacterial cell (Ladner et al., WO 88/06630; Fuchs et aL, (1991) Bio/Technology 9:1370-

1371; and Goward et al., (1992) TIBS 18:136-140), and the resulting fusion protein detected

by panning, e.g. using a fluorescently labeled molecule which binds the cell surface protein,

e.g. FITC-substrate, to score for potentially functional homologs. Cells may be visually

25 inspected and separated imder a fluorescence microscope, or, when the morphology of the

cell permits, separated by a fluorescence-activated cell sorter. This method may be used to

identify substrates or other polypeptides that can interact with a polypeptide of the

invention.

hi similar fashion, the gene library may be expressed as a fusion protein on the

30 surface of a viral particle. For instance, in the filamentous phage system, foreign peptide

sequences may be expressed on the surface of infectious phage, thereby conferring two

benefits. First, because these phage may be applied to affinity matrices at very high

concentrations, a large number of phage may be screened at one time. Second, because
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each infectious phage displays the combinatorial gene product on its surface, if a particular

phage is recovered from an affinity matrix in low yield, the phage may be amplified by

another round of infection. The group of almost identical E, coli filamentous phages Ml 3,

fd, and fl are most often used in phage display libraries, as either of the phage glll or gVIII

5 coat proteins may be used to generate fusion proteins wiUiout disrupting the ultimate

packaging of the viral particle (Ladner et al., PCT pubUcation WO 90/02909; Garrard et al.,

PCX publication WO 92/09690; Marks et aL, (1992) J, Biol Chem. 267:16007-16010;

Griffiths et al., (1993) EMBO J. 12:725-734; Clackson et al., (1991) Nature 352:624-628;

and Barbas et al., (1992) PNAS USA 89:4457-4461). Other phage coat proteins may be

10 used as appropriate.

The invention also provides for reduction of the polypeptides of the invention to

generate mimetics, e.g. peptide or non-peptide agents, which are able to mimic binding of

the authentic protein to another cellular partner. Such mutagenic techniques as described

above, as well as the thioredoxin system, are also particularly usefiil for mapping the

15 determinants of a protein which participates in a protein-protein interaction with another

protein. To illustrate, the critical residues of a protein which are involved in molecular

recognition of a substrate protein may be determined and used to generate peptidomimetics

that may bind to the substrate protein. The peptidomimetic may then be used as an

inhibitor of the wild-type protein by binding to the substrate and covering up the critical

20 residues needed for interaction with the wild-type protein, thereby preventing interaction of

the protein and the substrate. By employing, for example, scanning mutagenesis to map the

amino acid residues of a protein which are involved in binding a substrate polypeptide,

peptidomimetic compounds may be generated which mimic those residues in binding to the

substrate. For instance, non-hydrolyzable peptide analogs of such residues may be

25 generated using benzodiazepine (e.g., see Freiduiger et al,, in Peptides: Chemistry and

Biology^ G.R. Marshall ed., ESCOM Publisher; Leiden, Netherlands, 1988), azepine (e.g.,

see Huffinan et al., in Peptides: Chemistry and Biology^ G.R. Marshall ed., ESCOM
Publisher: Leiden, Netherlands, 1988), substituted gamma lactam rings (Garvey et al., in

Peptides: ChemisUy and Biology, G.R. Marshall ed., ESCOM PubUsher: Leiden,

30 Netherlands, 1988), keto-methylene pseudopeptides (Ewenson et al., (1986) X Med, Chem.

29:295; and Ewenson et al., in Peptides: Structure and Function (Proceedings of the 9th

American Peptide Symposium) Pierce Chemical Co. Rockland, IL, 1985), P-tum dipeptide

cores (Nagai et al., (1985) Tetrahedron Lett 26:641 \ and Sato et al, (1986) / Chem Soc
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Perkin Trans 1:1231), and P-aminoalcohols (Gordon et al., (1985) Biochem Biophys Res

Commun 126:419; and Dann et aL, (1986) Biochem Biophys Res Commun 134:71).

The activity of a polypeptide of the invention may be identified and/or assayed

using a variety of methods well known to the skilled artisan. For example, information

5 about the activity of non-essential genes may be assayed by creating a null mutant strain of

bacteria expressing a mutant form of, or lacking expression of, a protein of interest. The

resulting phenotype of the null mutant strain may provide information about the activity of

the mutated gene product. Essential genes may be studied by creating a bacterial strain

with a conditional mutation in the gene of interest. The bacterial strain may be grown

10 imder permissive and non-permissive conditions and the change in phenotype under the

non-permissive conditions may be used to identify and/or assay the activity of the gene

product.

In an alternative embodiment, the activity of a protein may be assayed using an

appropriate substrate or binding partner or other reagent suitable to test for the suspected

15 activity. For catalytic activity, the assay is typically designed so that the enz)anatic reaction

produces a detectable signal. For example, mixture of a kinase with a substrate in the

presence of ^^P will result in incorporation of the ^^P into the substrate. The labeled

substrate may then be separated from the free "^^P and the presence and/or amoimt of

radiolabeled substrate may be detected using a scintillation counter or a phosphorimager.

20 Similar assays may be designed to identify and/or assay the activity of a wide variety of

enzymatic activities. Based on the teachings herein, the skilled artisan would readily be

able to develop an appropriate assay for a polypeptide ofthe invention.

In another embodiment, the activity of a polypeptide of the invention may be

determined by assaying for the level of expression of RNA and/or protein molecules.

25 Transcription levels may be determined, for example, using Northern blots, hybridization to

an oligonucleotide array or by assaying for the level of a resulting protein product.

Translation levels may be determined, for example, using Western blotting or by

identifying a detectable signal produced by a protein product (e.g., fluorescence,

luminescence, enzymatic activity, etc.). Depending on the particular situation, it may be

30 desirable to detect the level of transcription and/or translation of a single gene or of

multiple genes.

Alternatively, it may be desirable to measure the overall rate of DNA replication,

transcription and/or translation in a cell. In general this may be accomplished by growing

-51



wo 03/087353 PCT/CA03/00481

the cell in the presence of a detectable metabolite which is incorporated into the resultant

DNA, RNA, or protein product. For example, the rate of DNA synthesis may be

determined by growing cells in the presence of BrdU which is incorporated into the newly

synthesized DNA. The amount ofBrdU may then be determined histochemically using an

5 anti-BrdU antibody.

In general, the polypeptides of the invention are expected to be involved in

membrane biogenesis. The expected biological activity of certain of the polypeptides of the

invention is indicated in the following table, as described in further detail below.

SEQ IDNOS Bacterial

Species

Protein

Annotation

Gene
Desig-

nation

COG Category COGID
Number

SEQ ID NO: 5

SEQ ID NO: 7

P.

aeruginosa
UDP-N-
acetylglucos-

amine 1-

carboxyvinyl

transferase 1

MURA cell

wall/membrane
biogenesis

COG0766

SEQ ID NO:
14

SEQ ID NO:
16

S. aureus UDP^N-
acetylglucos-

amine 1-

carboxyvinyl-

transferase 1

MURA cell

wall/membrane
biogenesis

COG0766

SEQ ID NO:
23

SEQ ID NO:
25

E. coli CTP:CMP-3-
deoxy-D-

manno-
octulosonate

transferase

KDSB cell

wall/membrane
biogenesis

COG1212

SEQ ID NO:
32
SEQ ID NO:
34

P.

aeruginosa

UDP-N-
acetyhnm*amo

ylalanyl-D-

glutamate--2,

6-

diaminopime-

late ligase

MURE cell

wall/membrane
biogenesis

COG0769

SEQ ID NO:
41

SEQ ED NO:
43

S. aureus D-alanine:D-

alanine-

adding

enzyme

MURF cell membrane
biogenesis

COG0770

SEQ ID NO:
50

SEQ ID NO:
52

P.

aeruginosa

D-alanine:D-

alanine-

adding

enzyme

MURF cell membrane
biogenesis

COG0770
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SEQIDNOS

SEQ ID NO:
59

SEQ ID NO:
61

SEQ ID NO:
68

SEQ ID NO:
70

SEQ ID NO:
77

SEQ ID NO:
79

SEQ ID NO:
86
SEQ ID NO:
88

SEQ ID NO:
95
SEQ ID NO:
97

SEQ ID NO:
104

SEQ ID NO:
106

SEQ ID NO:
122

SEQ ID NO:
124

Bacterial

Species

E. faecalis

SEQ ID NO:
131

SEQ ID NO:
133

SEQ ID NO;
140

SEQ ID NO:
142

P.

aeruginosa

Protein

Annotation

D-alanine-D-

alanine ligase

pneumoniae

E. faecalis

E. faecalis

E. coli

influenzae

TT

influenzae

TT
JoL.

influenzae

UDP-N-
acetylpynx-

voylglucos-

amine

reductase

UDP-N-
acetylglucos-

amine 1-

carboxyvinyl-

transferase 1

UDP-N-
acetyiglucosa

mine
pyrophosphor
ylase

Gene
Desig-

nation

ddlA

MURB

COG Category

cell membrane
biogenesis

COG ID
Number

COG1181

MURA

cell membrane
| COG0812

biogenesis

cell membrane
| COG0766

biogenesis

UDP-N-
acetylmui'a-

moylalanine—

D-glutamate

ligase

GLMU

UDP-N-
acetyl-

muramate:ala
nine ligase

CTP:CMP-3-
deoxy-D-

manno-
octiilosonate

transferase

UDP-N-
acetylenolpy-

ruvoylglucos-

amine

reductase

MUR
D

MURC

cell membrane
biogenesis

COG1207

cell membrane
biogenesis

cell membrane
biogenesis

KDSB cell membrane
biogenesis

COG0773

COG1212

MURB

UDP~N~
acetj^lglucos-

amine

pyrophosphor
ylase

GLMU

cell membrane
biogenesis

cell membrane
biogenesis

COG0773

COG1207
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SEQIDNOS Bacterial

Species
Protein

Annotation
Gene
Desig-
fintin-yi

COG Category COG ID
Number

SEQ ID NO:
149

SEQ ID NO:
151

H.

influenzae

UDP-N-
acetylmura-

moylalanyl-

D-glutamate

MURE cell membrane
biogenesis

SEQ ID NO:
158

SEQ ID NO:
160

H.

influenzae

UDP~N-
acetybnura-

moylalanine-

D-glutatnate

ligase

D
cell membrane
biogenesis

SEQ ID NO:
167

SEQ ID NO:
169

acetylglucos-

arnine

pyrophospho-
rylase

CjrLMU cell membrane
biogenesis

COG1207

The foregoing annotations were determined in accordance with the procedure described in

EXAMPLE 17. Other biological activities of polypeptides of the invention are described
herein, or will be reasonably apparent to those skilled in the art in Ught of the present

disclosure.

A more detailed description of the biological activity for each of the polypeptides

specified in the table above is set forth immediately below:

With respect to SEQ ID NO: 5 and SEQ ID NO: 7 from P. aeruginosa, the protem
annotation is UDP-N-acetylglucosamine 1 -carboxyvinyl transferase 1, with gene
designation ofMURA. Further, with respect to SEQ ID NO: 14 and SEQ ID NO: 16 from
S. aureus, tiie protem annotation is UDP-N-acetylglucosamme 1 -carboxyvinyltransferase 1,

with gene designation ofMURA. Still further, with respect to SEQ ID NO: 77 and SEQ ID
NO: 79 from S. pneumoniae, the protein annotation is UDP-N-acetylglucosamine 1-

carboxyvinyltransferase 1, with gene designation ofMURA.
With respect to SEQ ID NO: 68 and SEQ ID NO: 70 from P. aeruginosa, the

protein annotation is UDP-N-acetylpyruvoylglucosamine reductase, with gene designation

of MURB. Further, with respect to SEQ ID NO: 131 and SEQ ID NO: 133 from H.
influenzae

,
the protein annotation is UDP-N-acetylenolpyruvoylglucosamine reductase,

with gene designation ofMURB.

With respect to SEQ ID NO: 104 and SEQ ID NO: 106 from E. coli, the protein
annotation is UDP-N-acetyl-muramate:alanine Ugase, with gene designation ofMURC.
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With respect to SEQ ID NO: 95 and SEQ ID NO: 97 from E. faecalis, the protein

annotation is UDP-N-acetylmuramoylalanine-D-glutamate ligase, with gene designation of

MURD. Further, with respect to SEQ ID NO: 158 andSEQ ID NO: 160 from H. influenzae,

the protein annotation is UDP-N-acetyhnuramoylalanine-D-glutamate ligase, with gene

designation ofMURD.

With respect to SEQ ID NO: 32 and SEQ ID NO: 34 from P. aeruginosa, the

protein annotation is UDP-N-acetyhnuramoylalanyl-D-glutamate-2, 6-diaminopimelate

ligase, with gene designation of MURE. Further, with respect to SEQ ID NO: 149 and

SEQ ID NO: 151 from H. influenzae , the protein annotation is UDP-N-
acetyhnuramoylalanyl-D-glutamate, with gene designation ofMURE.

With respect to SEQ ID NO: 41 and SEQ ID NO: 43 from S. aureus, the protein

annotation is D-alanine:D-alanine-adding enzyme, with gene designation of MURF.
Further, with respect to SEQ ID NO: 50 and SEQ ID NO: 52 from P. aeruginosa, the

protein annotation is D-alanine:D-alanine-adding enzyme, with gene designation ofMURF.
Peptidoglycan, a component of the bacterial cell wall, appears to play a critical role

in protecting bacteria against osmotic lysis. Peptidoglycan may be composed of linearly

repeating disaccharide chains cross-linked by short peptide bridges. Four ADP-foiming
Ugases (namely the Mur ligases) have been observed to be involved in the biosynthesis of

peptidoglycan precursors. Mur ligases appear to catalyze the assembly of the peptide

moiety by the successive addition of L-alanine, D-glutamate, diaminopimehc acid, or L-

lysine, and, finally dipeptide D-alanyl-D-alanine to UDP-N-acetyhnuramic acid.

The redviction steps in this process are catalyzed by UDP-N-
acetylenolpyruvylglucosamine reductase. Iq Pseudomonas aeruginosa, and other bacteria,

this enzyme is encoded by the murB gene. Since UDP-N-acetylenolpyruvylglucosamine

reductase {murB) is an essential enzyme in the bacterial cell-wall biosynthetic pathway and
is highly conserved among bacteria, it is a potential target for novel antibiotics.

MurC encodes UDP-N-acetyl-muramate:alanine ligase and it is beUeved to catalyze

the ATP-dependent ligation of L-alanine (Ala) and UDP-N-acetyhnuramic acid (UNAM) to

form UDP-N-acetyhnuramyl-L-alanine (UNAM-Ala).

MURD encodes UDP-N-acetylmuramoylalanine-D-glutamate ligase, which

catalyses the addition of D-glutamate to UDP-N-acatyhnuramoyl-L-alanine during the

biosynthesis ofpeptidoglycan.
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In Pseudomonas aeruginosa, MURE is thought to encode UDP-N-

acetylmuramoylalanyl-D-glutamate.

In Staphylococcus aureus and in Pseudomonas aeruginosa, MURF encodes

UDPMurNAc-tripeptide D-alanyl-D-alanine-adding enzyme, which has been observed to

catalyse the addition of the D-Ala-D-Ala dipeptide to UDP-N-acetylmuramic acid, the final

step in the synthesis ofthe cytoplasmic precursor ofbacterial cell wall peptidoglycan.

The protein products of all four genes encoded by MURA, MURC, MURD, MURE

and MURF are essential for cell viability and highly conserved in numerous bacteria.

With respect to SEQ ID NO: 23 and SEQ ID NO: 25 from £. coli, the protein

annotation is CTP:CMP-3-deoxy-D-manno-octulosonate transferase, with gene designation

of KDSB. Further, with respect to SEQ ID NO: 122 and SEQ ID NO: 124 from H.

influenzae , the protein annotation is CTP:CMP-3-deoxy-D-maiuio-octulosonate

transferase, with gene designation of KDSB. Gram-negative bacteria have an outer

membrane containing lipopolysaccharides (LPS). LPS consist of a hydrophiUc core

oligosaccharide chain and a hydrophobic Upid A moiety linked by two or three molecules

of 2-keto-3-deoxy-manno-octonic acid (3-deoxy-D-manno-octulosonic acid) (KDO). It is

beUeved that in the lipopolysaccharide biosynthesis pathway, D-arabinose-5-phosphate and

phosphoenol pyruvate are condensed by KDO-8-phosphate synthetase to form KDO-8-

phosphate. Subsequent dephosphorylation by KDO-8-phosphate phosphatase yields KDO.

In order to incorporate KDO into hpid A, KDO is thought to be activated by CTP in a

reaction believed to be catalyzed by CTP:CMP-3-deoxy-D-mamio-octulosonate

cytidyltransferase (CMP-KDO synthetase (CKS)). It is widely accepted that CKS catalyzes

the activation ofKDO by forming a monophosphate diester bond betweenKDO and CTP to

form CMP-KDO and inorganic pyrophosphate. CMP-KDO is then the substrate for a series

of transferases that incorporate KDO into lipopolysaccharides and capsular

polysaccharides, such as the incorporation ofKDO into Upid A by aKDO transferase. The

CKS-catalyzed formation of CMP-KDO is thought to be the rate-hmitmg step in the

lipopolysaccharide biosyntliesis pathway. As KDO is essential for gram-negative bacteria

but absent from mammaUan cells, CKS is an attractive target for antibiotic development.

An assay for CTP:CMP-3-deoxy-D-mamio-octulosonate fransferase activity is

described in Goldman, R.C., et al. (1985) J. Bacteriol. 163:256-61. In tliis assay, the

CTP:CMP-3-deoxy-D-manno-octulosonate transferase reaction is monitored by detecting

production of Pi by reacting it purine nucleoside phosphorlyase. This assay will be used in
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the methods of the present invention to detect CTP:CMP-3-deoxy-D-manno-octulosonate

transferase activity.

With respect to SEQ ID NO: 59 and SEQ ID NO: 61 from E. faecalis, the protein

annotation is D-alanine-D-alanine ligase, with gene designation of ddlA,

5 Peptidoglycan is thought to give the bacterial cell its characteristic shape and

prevents the cell from lysing due to high intemal osmotic pressure. The rigid framework is

composed of repeated disaccharide units (N-acetylglucosainine-[b-l,4]-N-acetylmuramic

acid) to which pentapeptides are attached. The majority of pentapeptide chains (L-Ala-g-

D- Glu-(a diamino acid)-D-Ala-D-Ala) are beheved to be cross-linked by amide bonds

10 between the penultimate D-Ala of one peptide chain and the free amino group of the

diamino acid of another, either directly or through an interpeptide bridge. Synthesis of the

basic units in the cytosol starts with formation of UDP-N-acetylmuramic acid, to which the

first three amino acids are sequentially added. The two C-terminal D-Ala-D-Ala residues

are synthesized as a dipeptide by a D-Ala:D-Ala ligase and are added to UDP-N-

1 5 acetylniuramyl-tripeptide.

Several steps in bacterial cell-wall synthesis are targets for antibiotics such as beta-

lactams and glycopeptides. Glycopeptides, vancomycin and teicoplanin, are thought to

block sterically the access of transglycosylases and transpeptidases to their substrates by

binding to the C-terminal D-alanine (D-Ala) residues The resulting aminoacyl-D-Ala-D-

20 Ala strand is thought to be responsible for drug vulnerabiUty in vancomycin-susceptible

bacteria; binding of vancomycin to this sequence interferes with crosslinking and is

believed to block cell-wall synthesis. A mutant enzyme (VanA) from vancomycin-resistant

Enterococcus faecium has been found to incorporate alpha-hydroxy acids at the terminal

site instead of D-Ala; the resulting depsipeptides do not bind vancomycin, yet fimction in

25 the crosslinking reaction.

Various studies of this pathway have been researched. Study of acquired resistance

to glycopeptides in enterococci led to the discovery of an alternative pathway for

peptidoglycan synthesis that employs D-lactate (D-Lac) instead of D-Ala in the C-termiaal

position of the peptide chain. The key enzyme in this modified pathway was observed to be
t

30 D-Ala:D-Lac Ugase, VanA or VanB, which is stmcturally related to D-Ala:D-Ala Ugases

but appears to have a much broader substrate specificity. Peptidoglycan preciirsors ending

in D"Lac were also detected in wild-type strains of Gram-positive bacteria that are naturally

resistant to glycopeptides. In intrinsically vaacomycin-resistant enterococci^ a third
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pathway involving a D-Ala:D-Ser ligase, VanC. v.as found. A tertiary structure of the

DdlB ligase from Escherichia coli has been reported and a proposed catalytic mechanism

for D-Ala:D-Ala Ugases suggested and. based on sequence similarity, also for the VanA

and VanB. Site-specific mutagenesis experiments have confirmed the essential role ofmost

residues proposed to take part in substrate binding and catalysis.

With respect to SEQ ID NO: 86 and SEQ ID NO: 88 from E. faecalis, the protem

annotation is UDP-N-acetylglucosamine pyrophosphorylase, with gene designation of

GLMU. Further, with respect to SEQ ID NO: 140 and SEQ ID NO: 142 from H. influenzae

the protein annotation is UDP-N-acetylglucosamine pyrophosphorylase, with gene

designation ofGLMU. StiU furttier, with respect to SEQ ID NO: 167 and SEQ ID NO: 169

from S. aureus, the protein annotation is UDP-N-acetylglucosamine pyrophosphorylase,

with gene designation of GLMU. In bacteria, UDP-N-acetylglucosamine
(UDP-GlcNAc) is

thought to be a precursor for formation of essential cell-envelope constituents such as

peptidoglycan. Upopolysaccharide, teichoic acid, as well as the fonnation of the

enterobacterial common antigen. The GhnU gene product has been observed to catalyze

the fmal two reactions in the prokaryotic de novo biosynttietic pathway for UDP-GlcNAc.

The homotrimeric. bifimctional enzyme appears to catalyze both tiie acetylation of

glucosamine-l-phosphate to form N-acetylglucosamine-1-phosphate, and the uridylation of

N-acetylglucosamine-l-phosphate to form UDP-GlcNAc. Both the acetytoansferase and

uridyltransferase activities are essential for cell viabihty. Because frunerization is

apparently required for acetylfransferase activity, trimerization is also thought to be

essential for cell viability.

The eukaryotic UDP-GlcNAc biosynthesis pathway differs significantly from the

bacterial pathway m two respects. First, acetyl transfer has been observed to occur on N-

acetylglucosamine-6-phosphate rattier ttian N-acetylglucosamine-1-phosphate.
Second, tiie

acetyltransferase and uridyltransferase activities are apparently carried out by two distinct

monofunctional enzymes, which have little sequence homology to the bacterial GLMU gene

product.

Witti respect to SEQ ID NO: 113 and SEQ ID NO: 115 from H. influenzae
,
ttie

3 protein annotation is aspartate semialdehyde dehydrogenase, with gene designation of

Aspartate p-semialdehyde dehydrogenase (ASADH) is an NADPH-dependent enzyme

which is believed to catalyze the formation of L-aspartate-p-semialdehyde by the reductive

dephosphorylation ofL-P-aspartyl phosphate:
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L-p-aspartyl phosphate + NADPH —> L-aspartate-p-semialdehyde + NADP +

phosphate

A chemical mechanism for the catalyzed reaction has been proposed. The

mechanism first involves the His274 base-catalyzed generation of an active site Cysl35

5 thiolate nucleophile that attacks the carbonyl carbon of L-p-aspartyl phosphate. The

collapse of the tetrahedral intermediate hberates the phosphate group, resultmg in the

formation of a stable thioacyl-enzyme intermediate. Subsequent reduction by NADPH

produces a second tetrahedral intermediate whose collapse leads to the L-b-aspartate

semialdehyde product and expulsion of the cysteine thiolate..

10 In fimgi, higher plants, and bacteria. L-aspartate is a critical raw material

comprising the feed stock for the biosynthesis of one-quarter of the naturally occurring

amino acids including lysine, methionine and threonine, as well as for several other

important metabolic intermediates through a pathway that utiUzes ASADH to catalyze the

second step. In bacteria, ASADH also is beUeved to play a role in the biosynthesis of the

15 cell wall cross-linker, diaminopimelate. ASADH has been proposed as a potentially

attractive target for fungicidal, herbicidal and bactericidal agents, particularly because this

enzyme is not present in hvimans or other mammals.

For all of the foregoing reasons, the polypeptides of the present invention are

potentially valuable targets of tiierapeutics and diagnostics.

20

3. Nucleic Acids ofthe Invention

One aspect of the mvention pertains to isolated nucleic acids of the invention. For

example, the present invention contemplates an isolated nucleic acid comprismg (a) a

subject nucleic acid sequence, (b) a nucleotide sequence at least 80% identical to the

25 subject nucleic acid sequence, (c) a nucleotide sequence that hybridizes under stringent

conditions to the subject nucleic acid sequence, or (d) the complement of the nucleotide

sequence of (a), (b) or (c). In certain embodmients, nucleic acids of the invention may be

labeled, with for example, a radioactive, chemilumuiescent or fluorescent label.

It may be the case that the nucleic acid sequence for a nucleic acid of the invention

30 predicted from the publicly available genomic information differs from the nucleic acid

sequence determined experimentally as described below. For example, m the case ofUDP-

N-acetylglucosamine 1 -carboxyvinyl transferase 1 {MURA) from P. aeruginosa, SEQ ID

NO: 6 is determined experimentally, and SEQ ID NO: 4 obtained as described in
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EXAMPLE 1 . In such a case, the present invention contemplates the specific nucleic acid

sequences of SEQ ID NO: 4 and SEQ ID NO: 6, and variants thereof, as well as any

differences in the applicable amino acpid sequences encoded thereby.

In another aspect, the present invention contemplates an isolated nucleic acid that

5 specifically hybridizes under stringeht conditions to at least ten nucleotides of a subject

nucleic acid sequence, or the con^lement thereof, which nucleic acid can specifically

detect or amplify the same subject i/ucleic acid sequence, or title complement thereof. In yet

another aspect, the present inveniiim contemplates such an isolated nucleic acid comprising

a nucleotide sequence encoding a fragment of a subject amino acid sequence at least 8

10 residues in length. The i)resent invention further contemplates a method of hybridizing an

oligonucleotide with a iiucleia( acid of the invention comprising: (a) providing a single-

stranded oligonucleotide at least eight nucleotides in length, the oligonucleotide being

complementary to a portion of a nucleic acid of the invention; and (b) contacting the

oligonucleotide with a sample comprising a nucleic acid of the acid under conditions that

1 5 permit hybridization of the pligonucleotide with the nucleic acid ofthe invention.

Isolated nucleic acids which differ firom the nucleic acids of the invention due to

degeneracy in the genetic code are also within the scope of the invention. For example, a

number of amino acids are designated by more than one triplet Codons that specify the

same amino acid, or sjmonyms (for example, CAU and CAC are synonyms for histidiae)

20 may result in "silenf ' mutations which do not affect the amino acid sequence of the protein.

However, it is expected that DNA sequence polymorphisms that do lead to changes in the

amino acid sequences of the polypeptides of the invention will exist. One skilled in the art

will appreciate that these variations in one or more nucleotides (from less than 1% up to

about 3 or 5% or possibly more of the nucleotides) of the nucleic acids encoding a

25 particular protein of the invention may exist among a given species due to natural allehc

variation. Any and all such nucleotide variations and resulting amino acid polymorphisms

are within the scope ofthis invention.

Bias in codon choice within genes in a single species appears related to the level of

expression of the protein encoded by that gene. Accordingly, the invention encompasses

30 nucleic acid sequences which have been optimized for improved expression in a host cell

by altering the frequency of codon usage in the nucleic acid sequence to approach the

frequency ofpreferred codon usage of the host cell. Due to codon degeneracy, it is possible

to optimize the nucleotide sequence without affecting the amino acid sequence of an
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encoded polypeptide. Accordingly, the instant invention relates to any nucleotide sequence

that encodes all or a substantial portion of a subject amino acid sequence or other

polypeptides of the invention.

The present invention pertains to nucleic acids encoding proteins derived from the

same pathogenic species as a polypeptide of the invention and which have amino acid

sequences evolutionarily related to such polypeptide, wherein "evolutionarily related to",

refers to proteins having different amino acid sequences which have arisen naturally (e.g.

by allelic variance or by dififerential sphcing), as well as mutational variants of the proteins

ofthe invention which are derived, for example, by combinatorial mutagenesis.

Fragments of the polynucleotides of the invention encoding a biologically active

portion of a subject amino acid sequence or other polypeptides of the invention are also

within the scope of the invention. As used herein, a fragment of a nucleic acid of the

invention encoding an active portion of a polypeptide of the invention refers to a nucleotide

sequence having fewer nucleotides than the nucleotide sequence encoding the fiill length

amino acid sequence of a polypeptide of the invention, and which encodes a polypeptide

which retains at least a portion of a biological activity of the full-length protein as defined

herein, or altematively, which is ftmctional as a modulator of a biological activity of the

frill-length protein. For example, such fragments include a polypeptide containing a

domain of the frill-length protein from which the polypeptide is derived that mediates the

interaction of the protein with another molecule (e.g., polypeptide, DNA, RNA, etc.). In

another embodiment, the present invention contemplates an isolated nucleic acid that

encodes a polypeptide having a biological activity of a subject amino acid sequence.

Nucleic acids within the scope of the invention may also contain linker sequences,

modified restriction endonuclease sites and other sequences usefiil for molecular cloning,

expression or purification of such recombinant polypeptides.

A nucleic acid encoding a polypeptide of the invention may be obtained from

mRNA or genomic DNA from any organism in accordance with protocols described herein,

as well as those generally known to those skilled in the art. A cDNA encoding a

polypeptide of the invention, for example, may be obtained by isolating total mRNA from

an organism, e.g. a bacteria, vims, mammal, etc. Double stranded cDNAs may then be

prepared from the total mRNA, and subsequently inserted into a suitable plasmid or

bacteriophage vector using any one of a nimiber of known techniques. A gene encoding a

polypeptide of the invention may also be cloned using estabhshed polymerase chain
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reaction techniques in accordance with the nucleotide sequence information provided by the

invention. In one aspect, the present invention contemplates a method for amplification of

a nucleic acid of the invention, or a fragment thereof, comprising: (a) providing a pair of

single stranded oligonucleotides, each of which is at least eight nucleotides in length,

complementary to sequences of a nucleic acid of the invention, and wherein the sequences

to which the oUgonucleotides are complementary are at least ten nucleotides ^art; and

(b) contacting the oligonucleotides with a sample comprising a nucleic acid comprising the

nucleic acid of the invention under conditions which permit amplification of the region

located between the pair ofoligonucleotides, thereby amplifying the nucleic acid.

Another aspect of the invention relates to the use ofnucleic acids ofthe invention in

"antisense therapy". As used herein, antisense therapy refers to administration or in situ

generation of ohgonucleotide probes or their derivatives which specifically hybridize or

otherwise bind under cellular conditions with the cellular mRNA and/or genomic DNA
encoding one of the polypeptides of the mvention so as to inhibit e3q>ression of that

polypeptide, e.g. by inhibiting transcription and/or translation. The binding may be by

conventional base pair complementarity, or, for example, in the case of bindmg to DNA
duplexes, through specific interactions in the major groove of the double helix. In general,

antisense therapy refers to the range of techniques generally employed in the art, and

includes any therapy which rehes on specific binding to oligonucleotide sequences.

An antisense construct of the present invention may be delivered, for example, as an

expression plasmid which, when transcribed in the cell, produces RNA which is

complementary to at least a unique portion of the mKNA which encodes a polypeptide of

the invention. Alternatively, the antisense construct may be an ohgonucleotide probe which

is generated ex vivo and which, when iatroduced into the cell causes inhibition of

expression by hybridizing with the mRNA and/or genomic sequences encoding a

polypeptide of the invention. Such oligonucleotide probes may be modified

oUgonucleotides which are resistant to aadogenous nucleases, e.g. exonucleases and/or

endonucleases, and are therefore stable in vivo. Exemplary nucleic acid molecules for use

as antisense oligonucleotides are phosphoramidate, phosphothioate and methylphosphonate

analogs ofDNA (see also U.S. Patents 5,176,996; 5,264,564; and 5,256,775). Additionally,

general approaches to constinicting oligomers useful in antisense therapy have been

reviewed, for example, by van der Krol et al., (1988) Biotechniques 6:958-976; and Stein et

al., (1988) Cancer Res 48:2659-2668.
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In a further aspect, the invention provides double stranded small interfering RNAs
(siRNAs), and methods for administering the same, siRNAs decrease or block gene

expression. While not wishing to be bound by theory, it is generally thought that siRNAs

inhibit gene expression by mediating sequence specific mRNA degradation. RNA
interference (RNAi) is the process of sequence-specific, post-transcriptional gene silencing,

particularly in animals and plants, initiated by double-stranded RNA (dsRNA) that is

homologous in sequence to the silenced gene (Elbashir et al. Nature 2001; 411(6836): 494-

8). Accordingly, it is understood that siRNAs and long dsRNAs having substantial

sequence identity to all or a portion of a subject nucleic acid sequence may be used to

inhibit the expression of a nucleic acid of the invention, and particularly when the

polynucleotide is expressed in a mammaUan or plant cell.

The nucleic acids of the invention may be used as diagnostic reagents to detect the

presence or absence of the target DNA or RNA sequences to which they specifically bind,

such as for determining the level of expression of a nucleic acid of the invention. In one

aspect, the present invention contemplates a method for detecting the presence of a nucleic

acid of the invention or a portion thereofm a sample, the method comprising: (a) providing

an oligonucleotide at least eight nucleotides in length, the ohgonucleotide being

complementary to a portion of a nucleic acid of the invention; (b) contacting the

oligonucleotide with a sample comprising at least one nucleic acid under conditions that

permit hybridization of the oligonucleotide with a nucleic acid comprising a nucleotide

sequence complementary thereto; and (c) detecting hybridization of the oligonucleotide to a

nucleic acid in the sample, thereby detecting the presence of a nucleic acid of the invention

or a portion thereof in the sample. In another aspect, the present invention contemplates a

method for detecting the presence of a nucleic acid ofthe invention or a portion thereof in a

sample, the method comprising: (a) providing a pair of single stranded oUgonucleotides,

each of which is at least eight nucleotides in length, complementary to sequences of a

nucleic acid of the invention, and wherein the sequences to which the oligonucleotides are

complementary are at least ten nucleotides apart; and (b) contacting the ohgonucleotides

with a sample comprising at least one nucleic acid under hybridization conditions;

(c) amplifying the nucleotide sequence between the two ohgonucleotide primers; and

(d) detecting the presence of the amplified sequence, thereby detecting the presence of a

nucleic acid comprising the nucleic acid ofthe invention or a portion thereof in the sample.
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In another aspect of the invention, the subject nucleic acid is provided in an

expression vector comprising a nucleotide sequence encoding a polypeptide of the

invention and operably linked to at least one regulatory sequence. It should be understood

that the design of the expression vector may depend on such factors as the choice of the

5 host cell to be transformed and/or the type of protein desired to be expressed. The vector's

copy nxmiber, the abiUty to control that copy number and the expression of any other

protein encoded by the vector, such as antibiotic markers, should be considered.

The subject nucleic acids may be used to cause expression and over-expression of a

polypeptide of the invention in cells propagated in culture, e.g. to produce proteins or

10 polypeptides, including fusion proteins or polypeptides.

This invention pertains to a host cell transfected with a recombinant gene in order to

express a polypeptide of the invention. The host cell may be any prokaryotic or eukaryotic

cell. For example, a polypeptide of the invention may be expressed in bacterial cells, such

as E, colU insect cells (baculovirus), yeast, or mammalian cells. In those instances when the

15 host cell is human, it may or may not be in a live subject. Other suitable host cells are

known to those skilled in the art. Additionally, the host cell may be supplemented with

tRNA molecules not typically found in the host so as to optimize expression of the

polypeptide. Other methods suitable for maximizing expression of the polypeptide will be

known to those in the art.
I

20 . The present invention further pertains to methods of producing the polypeptides of

the invention. For example, a host cell transfected with an expression vector encoding a

polypeptide of the invention may be cultured under appropriate conditions to allow

expression of the polypeptide to occvir. The polypeptide may be secreted and isolated from

a mixture of cells and medium containing the polypeptide. Altematively, the polypeptide

25 may be retained cytoplasmically and the cells harvested, lysed and the protein isolated.

A cell culture includes host cells, media and other byproducts. Suitable media for

cell culture are well known in the art. The polypeptide may be isolated from cell culture

medium, host cells, or both using techniques known in the art for purifying proteins,

including ion-exchange chromatography, gel filtration chromatography, ultrafiltration,

30 electrophoresis, and immimoaffinity purification with antibodies specific for particular

epitopes of a polypeptide ofthe invention.

Thus, a nucleotide sequence encoding all or a selected portion ofpolypeptide of the

invention, may be used to produce a recombinant form of the protein via microbial or
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eukaryotic cellular processes. Ligating the sequence into a poljoiucleotide construct, such

as an expression vector, and transforming or transfecting into hosts, either eukaryotic

(yeast, avian, insect or manomalian) or prokaryotic (bacterial cells), are standard

procedures. Similar procedures, or modifications thereof, may be employed to prepare

5 recombinant polypeptides ofthe invention by microbial means or tissue-culture technology.

Expression vehicles for production of a recombinant protein include plasmids and

other vectors. For instance, suitable vectors for the expression of a polypeptide of the

invention include plasmids of the types: pBR322-derived plasmids, pEMBL-derived

plasmids, pEX-derived plasmids, pBTac-derived plasmids and pUC-derived plasmids for

10 expression in prokaryotic cells, such as E. coli.

A number of vectors exist for the expression of recombinant proteins in yeast. For

instance, YEP24, YIPS, YEP51, YEP52, pYES2, and YRP17 are clotiing and expression

vehicles useful in the introduction of genetic constructs into S, cerevisiae (see, for example.

Broach et al., (1983) in Experimental Manipulation of Gene Expression, ed. M. Inouye

15 Academic Press, p. 83). These vectors may replicate in E. coli due the presence of the

pBR322 ori, and in S. cerevisiae due to the replication determinant of the yeast 2 micron

plasmid. In addition, drug resistance markers such as ampicillin may be used.

In certain embodiments, mammaUan expression vectors contain both prokaryotic

sequences to facilitate the propagation of the vector in bacteria, and one or more eukaryotic

20 transcription imits that are expressed in eukaryotic cells. The pcDNAI/amp, pcDNAI/neo,

pRc/CMV, pSV2gpt, pSV2neo, pSV2-dhfr, pTk2, pRSVneo, pMSG, pSVT7, pko-neo and

pHyg derived vectors are examples of mammaUan expression vectors suitable for

transfection of eukaryotic cells. Some of these vectors are modified with sequences from

bacterial plasmids, such as pBR322, to facilitate replication and drug resistance selection in

25 both prokaryotic and eukaryotic cells. Alternatively, derivatives of viruses such as the

bovine papilloma vmis (BPV-1), or Epstein-Barr virus (pHEBo, pREP-derived and p205)

can be used for transient expression of proteins in eukaryotic cells. The various methods

employed in the preparation of the plasmids and transformation of host organisms are well

known in the art. For other suitable expression systems for both prokaryotic and eukaryotic

30 cells, as well as general recombinant procedures, see Molecular Cloning A Laboratory

Manual, 2nd Ed., ed. by Sambrook, Fritsch and Maniatis (Cold Spring Harbor Laboratory

Press, 1989) Chapters 16 and 17. In some instances, it may be desirable to express the

recombinant protein by the use of a baculovims expression system. Examples of such
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baculovirus expression systems include pVL-derived vectors (such as pVL1392, pVL1393

and pVL941), pAcUW-derived vectors (such as pAcUWl), and pBlueBac-derived vectors

(such as the B-gal containing pBlueBac III).

In another variation, protein production may be achieved using in vitro translation

5 systems. In vitro translation systems are, generally, a translation system which is a cell-free

extract containing at least the minimum elements necessary for translation of an RNA
molecule into a protein. An in vitro translation system typically comprises at least

ribosomes, tRNAs, initiator methionyl-tRNAMet, proteins or complexes involved in

translation, e.g., eIF2, eIF3, the cap-binding (CB) complex, comprising the cap-binding

10 protein (CBP) and eukaryotic initiation factor 4F (eIF4F). A variety of vitro translation

systems are well known in the art and include commercially available kits. Examples of in

vitro translation systems include eukaryotic lysates, such as rabbit reticulocyte lysates,

rabbit oocyte lysates, hviman cell lysates, insect cell lysates and wheat germ extracts,

Lysates are commercially available from manufacturers such as Promega Corp., Madison,

15 Wis.; Stratagene, La Jolla, Calif; Amersham, Arlington Heights, III; and GIBCO/BRL,

Grand Island, N.Y. In vitro translation systems typically comprise macromolecules, such as

enzymes, translation, initiation and elongation factors, chemical reagents, and ribosomes.

In addition, an in vitro transcription system may be used. Such systems typically comprise

at least an RNA polymerase holoenzyme, ribonucleotides and any necessary transcription

20 initiation, elongation and termination factors. In vitro transcription and translation may be

coupled in a one-pot reaction to produce proteins from one or more isolated DNAs.

When expression of a carboxy terminal fragment of a polypeptide is desired, i.e. a

truncation mutant, it may be necessary to add a start codon (ATG) to the oUgonucleotide

fragment containing the desired sequence to be expressed. It is well known in the art that a

25 methionine at the N-terminal position may be enzymatically cleaved by the use of the

enzyme methionine aminopeptidase (MAP). MAP has been cloned from E. coli (Ben-

Bassat et al., (1987) J. Bacteriol 169:751-757) and Salmonella typhimurium and its in vitro

activity has been demonstrated on recombinant proteins (Miller et al, (1987) PNAS USA

5^:2718-1722). Therefore, removal of an N-terminal methionine, if desired, may be

30 achieved either in vivo by expressing such recombinant polypeptides in a host which

produces MAP (e.g., E. coli or CM89 or S. cerevisiae), or in vitro by use of purified MAP
(e.g., procedure ofMiller et al.).
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Coding sequences for a polypeptide of interest may be incorporated as a part of a

fusion gene including a nucleotide sequence encoding a different polypeptide. The present

invention contemplates an isolated nucleic acid comprising a nucleic acid of the invention

and at least one heterologous sequence encoding a heterologous peptide linked in frame to

5 the nucleotide sequence of the nucleic acid of the invention so as to encode a fusion protein

comprising the heterologous polypeptide. The heterologous polypeptide may be fused to

(a) the C-terminus of the polypeptide encoded by the nucleic acid of the invention, (b) the

N-terminus of the polypeptide, or (c) the C-terminus and the N-terminus of the polypeptide.

In certain instances, the heterologous sequence encodes a polypeptide permitting the

10 detection, isolation, solubilization and/or stabilization of the polypeptide to which it is

fused. In still other embodiments, the heterologous sequence encodes a polypeptide

selected from the group consisting of a polyHis tag, myc, HA, GST, protein A, protein G,

calmodulin-binding peptide, thioredoxin, maltose-binding protein, poly arginine, poly His-

Asp, FLAG, a portion of an immimoglobulin protein, and a transcytosis peptide.

15 Fusion expression systems can be useful when it is desirable to produce an

immunogenic fragment of a polypeptide of the invention. For example, the VP6 capsid

protein of rotavims may be used as an immunologic carrier protein for portions of

polypeptide, either in the monomeric form or in the form of a viral particle. The nucleic

acid sequences corresponding to the portion of a polypeptide of the invention to which

20 antibodies are to be raised may be incorporated into a fusion gene construct which includes

coding sequences for a late vaccinia virus structural protein to produce a set ofrecombinant

viruses expressing fusion proteins comprising a portion of the protein as part of the virion.

The Hepatitis B surface antigen may also be utilized in this role as well. Similarly,

chimeric constructs coding for fusion proteins containing a portion of a polypeptide of the

25 invention and the poliovirus capsid protein may be created to enhance immimogenicity

(see, for example, EP Publication NO; 0259149; and Evans et al, (1989) Nature 339:385;

Huang et al., (1988) Virol 62:3855; and Schlienger et al., (1992) J, Virol 66:2).

Fusion proteins may facilitate the expression and/or purification of proteins. For

example, a polypeptide of the invention may be generated as a glutathione-S-transferase

30 (GST) fiision protein. Such GST fusion proteins may be used to simplify purification of a

polypeptide of the invention, such as through the use of glutathione-derivatized matrices

(see, for example. Current Protocols in Molecular Biology, eds. Ausubel et al., (N.Y.: John

Wiley & Sons, 1991)). In another embodiment, a fusion gene coding for a purification

-67-



wo 03/087353 PCT/CA03/00481

leader sequence, such as a poly-(His)/enterokinase cleavage site sequence at the N-teiminus

of the desired portion of the recombinant protein, may allow puriJBcation of the expressed

fusion protein by affinity chromatography using a Ni^"^ metal resin. The purification leader

sequence may then be subsequently removed by treatment with enterokinase to provide the

5 purified protein (e.g., see Hochuli et aL, (1987) J. Chromatography 411: 177; and

Janknecht et al., PNAS USA 88:8972).

Techniques for making fusion genes are well known. Essentially, the joining of

various DNA firagments coding for different polypeptide sequences is performed in

accordance with conventional techniques, employing blxmt-ended or stagger-ended termini

10 for ligation, restriction enzyme digestion to provide for appropriate temiini, fiUing-in of

cohesive ends as appropriate, alkaline phosphatase treatment to avoid undesirable joining,

and enzymatic Ugation. In another embodiment, the fusion gene may be synthesized by

conventional techniques including automated DNA synthesizers. Altematively, PGR

amplification of gene firagments may be carried out using anchor primers which give rise to

15 complementary overhangs between two consecutive gene firagments which may

subsequently be annealed to generate a chimeric gene sequence (see, for example. Current

Protocols in Molecular Biology, eds. Ausubel et al., John Wiley & Sons: 1992).

The present invention further contemplates a transgenic non-human animal having

cells which harbor a transgene comprising a nucleic acid of the invention.

20 In other embodiments, the invention provides for nucleic acids of the invention

immobilized onto a soUd surface, including, plates, microtiter plates, shdes, beads,

particles, spheres, films, strands, precipitates, gels, sheets, tubing, containers, capillaries,

pads, slices, etc. The nucleic acids of the invention may be immobilized onto a chip as part

of an array. The array may comprise one or more polynucleotides of the invention as

25 described herein. In one embodiment, the chip comprises one or more polynucleotides of

the invention as part of an array of polynucleotide sequences firom the same pathogenic

species as such polynucleotide(s).

In still other embodiments, the invention comprises the sequence of a nucleic acid of

the invention in computer readable format. The invention also encompasses a database

30 comprising the sequence of a nucleic acid of the invention.

4. Homology Searching ofNucleotide and Polypeptide Sequences
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The nucleotide or amino acid sequences of the invention, including those set forth in

the appended Figures, may be used as query sequences against databases such as GenBank,

SwissProt, PDB, BLOCKS, and Pima H. These databases contain previously identified and

annotated sequences that may be searched for regions of homology (similarity) using

5 BLAST, which stands for Basic Local AKgmnent Search Tool (Altschul S F (1993) J Mol

Evol 36:290-300; Altschul, S F et al (1990) J Mol Biol 215:403-10).

BLAST produces alignments of both nucleotide and amino acid sequences to

determine sequence similarity. Because of the local nature of the aligmnents, BLAST is

especially useful in determining exact matches or in identifying homologs which may be of

10 prokaryotic (bacterial) or eid;:aryotic (animal, fungal or plant) origin. Other algorithms such

as the one described in Smith, R. F. and T. F. Smith (1992; Protein Engineering 5:35-51)

may be used when dealing with primary sequence patterns and secondary structure gap

penalties. In the usual course using BLAST, sequences have lengths of at least 49

nucleotides and no more than 12% imcalled bases (whereN is recorded rather than A, C, G,

15 orT).

The BLAST approach, as detailed in Karlin and Altschul (1993; Proc Nat Acad Sci

90:5873-7) searches matches between a query sequence and a database sequence, to

evaluate the statistical signij&cance of any matches foimd, and to report only those matches

which satisfy the user-selected threshold of significance. The threshold is typically set at

20 about 10-25 for nucleotides and about 3-15 for peptides.

5. Analysis ofProtein Properties

(a) Analysis ofProteins by Mass Spectrometry

Typically, protein characterization by mass spectroscopy first requires protein

25 isolation followed by either chemical or enz3raatic digestion of the protein into smaller

peptide fragments, whereupon the peptide fragments may be analyzed by mass

spectrometry to obtain a peptide map. Mass spectrometry may also be used to identify

post-translational modifications (e.g., phosphorylation, etc.) of a polypeptide.

Various mass spectrometers may be used within the present invention.

30 Representative examples include: triple quadrupole mass spectrometers, magnetic sector

instruments (magnetic tandem mass spectrometer, JEOL, Peabody, Mass), ionspray mass

spectrometers (Bruins et al.. Anal Chem. 59:2642-2647, 1987), electrospray mass

spectrometers (including tandem, nano- and nano-electrospray tandem) (Fenn et al.,
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Science 246:64-71. 1989), laser desorption time-of-flight mass spectrometers (Karas and
HiUenkamp, Anal. Chem. 60:2299-2301, 1988). and a Fourier Transfonn Ion Cyclotron
Resonance Mass Spectrometer (Extrel Corp., Pittsburgh, Mass.).

MALDI ionization is a technique in which samples of interest, in this case peptides
and proteins, are co-crystallized with an acidified matrix. The matrix is typically a small
molecule that absorbs at a specific wavelength, generally in the ultraviolet (UV) range, and
dissipates ttie absorbed energy liiemially. Typically a pulsed laser beam is used to iLfor
energy rapidly (i.e., a few ns) to the matrix. This transfer of energy causes the matrix to
rapidly dissociate firom the MALDI plate surface and results in a plume of matrix and the
co-crystallized analytes being transferred into the gas phase. MALDI is considered a "soft-
ionization" method that typically results in singly-charged species in the gas phase, most
often resulting firom a protonation reaction with the matrix. MALDI may be coupled in-line
with time of flight (TOP) mass spectrometers. TOP detectors are based on the principle
that an analyte moves with a velocity proportional to its mass. Analytes of higher mass
move slower than analytes of lower mass and thus reach the detector later than lighter
analytes. The present invention contemplates a composition comprising a polypeptide ofthe
invention and a matrix suitable for mass spectrometry. In certain instances, the matrix is a
nicotinic acid derivative or a cinnamic acid derivative.

MALDI-TOF MS is easily performed with modem mass spectrometers. Typically
the samples of interest, in this case peptides or proteins, are mixed with a matrix and
spotted onto a poUshed stainless steel plate (MALDI plate). Commercially available
MALDI plates can presently hold up to 1536 samples per plate. Once spotted willi sample,
the MALDI sample plate is then introduced into the vacuum chamber of a MALDI mass'
spectrometer. The pulsed laser is then activated and the mass to charge ratios of the
analytes are measured utiUzing a time of flight detector. A mass spectrum representing the
mass to charge ratios ofthe peptides/proteins is generated.

As mentioned above, MALDI can be utilized to measure the mass to charge ratios
ofbofli proteins and peptides. In the case of proteins, a mixture of intact protein and matrix
are co-crystallized on a MALDI target (Karas. M. and HiUenkamp. F. Anal. Chem. 1988,
60 (20) 2299-2301). The spectrum resulting firom this analysis is employed to determine
the molecular weight of a whole protein. This molecular weight can then be compared to
the theoretical weight of the protein and utilized in characterizing the analyte of interest.
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such as whether or not the protein has undergone post-translational modifications (e.g.,

example phosphorylation).

In certain embodiments, MALDI mass spectrometry is used for determination of
peptide maps of digested proteins. The peptide masses are measured accurately using a

MALDI-TOF or a MALDI-Q-Star mass spectiometer, with detection precision down to tiie

low ppm (parts per milUon) level. The ensemble of the peptide masses observed in a

protein digest, such as a tiiyptic digest, may be used to search protein/DNA databases in a

metiiod called peptide mass fingerprinting. In this approach, protein entiies in a database

are ranked according to the number of experimental peptide masses that match the

predicted trypsin digestion pattern. Commercially available software utiUzes a search

algoritima that provides a scoring scheme based on the size of the databases, the number of
matching peptides, and the different pq)tides. Depending on the number of peptides

observed, tiie accuracy of the measurement, and the size of the genome of the particular

species, unambiguous protein identification may be obtained.

Statistical analysis may be performed upon each protein match to determine the

validity of the match. Typical constiraints include error tolerances within 0.1 Da for

monoisotopic peptide masses, cysteines may be alkylated and searched as

carboxyamidometiiyl modifications, 0 or 1 missed enzyme cleavages, and no metiaionine

oxidations allowed. Identified protems may be stored automatically in a relational database

witii software links to SDS-PAGE images and ligand sequences. Often even a partial

peptide map is specific enough for identification of the protein. If no protein match is

found, a more error-tolerant search can be used, for example using fewer peptides or

allowing a larger margin error with respect to mass accuracy.

Other mass spectiroscopy metiiods such as tandem mass specti-ometiy or post source

decay may be used to obtain sequence information about proteins that cannot be identified

by peptide mass mapping, or to confirm the identity of proteins that are tentatively

identified by an error-tolerant peptide mass search described above. (Griffin et al. Rapid
Commun. Mass. Spectrom. 1995, 9, 1546-51).

(b) Analysis ofProteins by Nuclear Magnetic Resonance (NMR)

NMR may be used to characterize the stiiicture of a polypeptide in accordance with

the metiiods of tiie invention. In particular, NMR can be used, for example, to determine

the three dimensional stiiictiire, tiie conformational state, tiie aggregation level, the state of
protein folding/unfolding or tiie dynamic properties of a polypeptide. For example, tiie
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present invention contemplates a naethod for determining three dimensional structure

information of a polypeptide of the invention, the method comprising: (a) generating a

purified isotopically labeled polypeptide of the invention; and (b) subjecting the

polypeptide to NMR spectroscopic analysis, thereby determining information about its

three dimensional structure.

Interaction between a polypeptide and another molecule can also be monitored

using NMR. Thus, the invention encompasses methods for detecting, designing and

characterizing interactions between a polypeptide and another molecule, including

polypeptides, nucleic acids and small molecules, utilizing NMR techniques. For example,

the present invention contemplates a method for determining three dimensional structure

information of a polypeptide of the invention, or a fragment thereof, while the polypeptide

is complexed with another molecule, the method comprising: (a) generating a purified

isotopically labeled polypeptide of the invention, or a firagment thereof; (b) forming a

complex between the polypeptide and the other molecule; and (c) subjecting the complex to

NMR spectroscopic analysis, thereby determining information about the three dimensional

structure of the polypeptide. In another aspect, the present invention contemplates a

method for identifying compounds that bind to a polypeptide ofthe invention, or a fragment

thereof, the method comprising: (a) generating a first NMR spectrum of an isotopically

labeled polypeptide of the invention, or a fragment thereof; (b) exposing the polypeptide to

one or more chemical compounds; (c) generating a second NMR spectrum of the

polypeptide which has been exposed to one or more chemical compounds; and

(d) comparing the first and second spectra to determine differences between the first and the

second spectra, wherein the differences are indicative of one or more compounds that have

boimd to the polypeptide.

Briefly, the NMR technique involves placing the material to be examined (usually

in a suitable solvent) in a powerfiil magnetic field and irradiating it with radio frequency

(rf) electromagnetic radiation. The nuclei of the various atoms will align themselves with

the magnetic field until energized by the rf radiation. They then absorb this resonant energy

and re-radiate it at a frequency dependent on i) the type of nucleus and ii) its atomic

environment. Moreover, resonant energy may be passed from one nucleus to another,

either through bonds or through three-dimensional space, thus giving information about the

enviroiunent of a particular nucleus and nuclei in its vicinity.
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However, it is important to recognize that not all nuclei are NMR active. Indeed,

not all isotopes of the same element are active. For example, whereas "ordinary" hydrogen,

^H, is NMR active, heavy hydrogen (deuterinm), ^H, is not active in the same way. Thus,

any material that normally contains hydrogen may be rendered "invisible" in the

1 2
hydrogen NMR spectrum by replacing all or almost all the H hydrogens with H. It is for

this reason that NMR spectroscopic analyses of water-soluble materials frequently are

performed in ^H20 (or deuterium) to eliminate the water signal.

Conversely, "ordinary" carbon, ^^C, is NMR inactive whereas the stable isotope,

^^C, present to about 1% of total carbon in nature, is active. Similarly, while "ordinary"

nitrogen, ^"^N, is NMR active, it has undesirable properties for NMR and resonates at a

different frequency from the stable isotope ^^N, present to about 0.4% of total nitrogen in

nature.

By labeUng proteins with ^^N and ^^N/^^C, it is possible to conduct analytical NMR

of macromolecules with weights of 15 kD and 40 kD, respectively. More recently, partial

deuteration of the protein in addition to ^^C- and ^^N-labeUng has increased the possible

weight of proteins and protem complexes for NMR analysis still ftirther, to approximately

60-70 kD. See Shan et al., J. Am. Chem.Soc, 118:6570-6579 (1996); L.E. Kay, Methods

EnzymoL, 339:174-203 (2001); and K.H. Gardner & L.E. Kay, Annu Rev Biophys Biomol

Struct, 27:357-406 (1998); and references cited therein.

Isotopic substitution may be accompHshed by growing a bacterium or yeast or other

type of cultured cells, transformed by genetic engineering to produce the protein of choice,

in a growth mediimi containing ^^C-, ^^N- and/or ^H-labeled substrates. In certain

instances, bacterial growth media consists of ^^C-labeled glucose and/or ^^N-labeled

ammonium salts dissolved in D2O where necessary. Kay, L. et al.. Science, 249:411 (1990)

and references therein and Bax, A., J. Am. Chem. Soc, 115, 4369 (1993). More recently,

isotopically labeled media especially adapted for the labeling of bacterially produced

macromolecules have been described. See U.S. Pat. No. 5,324,658.

The goal of these methods has been to achieve universal and/or random isotopic

enrichment of all of the amino acids of the protein. By contrast, other methods allow only

certain residues to be relatively enriched in ^H, ^H, ^^C and ^^N. For example, Kay et al., J.

Mol. Biol., 263, 627-636 (1996) and Kay et al., J. Am. Chem. Soc, 119, 7599-7600 (1997)

have described methods whereby isoleucine, alanine, vaUne and leucine residues in a

protein may be labeled with ^H, ^^C and ^^N, and may be specifically labeled with at the
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terminal methyl position. In this way, study of the proton-proton interactions between

some amino acids may be facilitated. Similarly, a cell-free system has been described by

Yokoyama et aL, J. Biomol. NMR, 6(2), 129-134 (1995), wherein a transcription-

translation system derived from E, coli was used to express human Ha-Ras protein

incorporating ^^N into serine and/or aspartic acid.

Techniques for producing isotopically labeled proteins and macromolecules, such as

glycoproteins, in mammalian or insect cells have been described. See U.S. Pat. Nos.

5,393,669 and 5,627,044; Weller, C. T., Biochem., 35, 8815-23 (1996) and Lustbader, J.

W., J.BiomoL NMR, 7, 295-304 (1996). Other methods for producing polypeptides and

other molecules with labels appropriate forNMR are known in the art.

The present invention contemplates using a variety of solvents which are

appropriate for NMR. For NMR, a deuterium lock solvent may be used. Exemplary

deuterium lock solvents include acetone (CD3COCD3), chloroform (CDCI3), dichloro

methane (CD2CI2), methyhiitrile (CD3CN), benzene (CeDe), water (D2O), diethylether

((CD3CD2)20), dimethylether ((003)2©), N,N-dimethylformamide ((CD3)2NCDO),

dimethyl sulfoxide (CD3SOCD3), ethanol (CD3CD2OD), methanol (CD3OD),

tetrahydrofuran (C4D8O), toluene (C6D5CD3), pyridine (C5D5N) and cyclohexane (CeH^).

For example, the present invention contemplates a composition comprising a polypeptide of

the invention and a deuterium lock solvent.

The 2-dimensional ^H-^^N HSQC (Heteronuclear Single Quantum Correlation)

spectrum provides a diagnostic fingerprint of conformational state, aggregation level, state

of protein folding, and dynamic properties of a polypeptide (Yee et al, PNAS 99, 1825-30

(2002)). Polypeptides in aqueous solution usually populate an ensemble of 3-dimensional

structures which can be determined by NMR. When the polypeptide is a stable globular

protein or domain of a protein, then the ensemble of solution structures is one of very

closely related conformations. In this case, one peak is expected for each non-proline

residue with a dispersion ofresonance firequencies with roughly equal intensity. Additional

pairs of peaks from side-chain NH2 groups are also often observed, and correspond to the

approximate number of Gin and Asn residues in the protein. This type of HSQC spectra

usually indicates that the protein is amenable to structure determination byNMR methods.

If the HSQC spectrum shows well-dispersed peaks but there are either too few or

too many in number, and/or the peak intensities differ throughout the spectrum, then the

protein likely does not exist in a single globular conformation. Such spectral features are
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indicative of conformational heterogeneity with slow or nonexistent inter-conversion

between states (too many peaks) or the presence of dynamic processes on an intermediate

timescale that can broaden and obscure the NMR signals. Proteins with ttiis type of

spectrum can sometimes be stabihzed into a single conformation by changing either the

protein construct, the solution conditions, temperature or by binding of another molecule.

The ^H-^^N HSQC can also indicate whether a protein has formed large nonspecific

aggregates or has dynamic properties. Alternatively, proteins that are largely unfolded, e.g.,

having very little regular secondary structure, result in ^H-^^N HSQC spectra in which the

peaks are all very narrow and intense, but have very little spectral dispersion in the ^^N-

dimension. This reflects the fact that many or most of the amide groups of amino acids in

unfolded polypeptides are solvent exposed and experience similar chemical environments

resulting in similar chemical shifts.

The use of the ^H-^^N HSQC, can thus allow the rapid characterization of the

conformational state, aggregation level, state of protein folding, and dynamic properties of

a polypeptide. Additionally, other 2D spectra such as ^H-^^C HSQC, or HNCO spectra can

also be used in a similar manner. Further use of the ^H-^^N HSQC combined with

relaxation measurements can reveal the molecular rotational correlation time and dynamic

properties of polypeptides. The rotational correlation time is proportional to size of the

protein and therefore can reveal if it forms specific homo-ohgomers such as homodimers,

homotetramers, etc.

The structure of stable globular proteins can be determined through a series of well-

described procedures. For a general review of structure determination of globular proteins

in solution by NMR spectroscopy, see Wtithrich, Science 243: 45-50 (1989). See also,

Billeter et al., J. Mol. Biol. 155: 321-346 (1982). Current methods for structure

detemiination usually require the complete or nearly complete sequence-specific

assignment of ^H-resonance frequencies of the protein and subsequent identification of

approximate inter-hydrogen distances (from nuclear Overhauser effect (NOE) spectra) for

use in restrained molecular dynamics calculations of the protein conformation. One

approach for the analysis ofNMR resonance assignments was first outlined by Wtithrich,

Wagner and co-workers (Wixthrich, "NMR or proteins and nucleic acids" Wiley, New

York, New York (1986); Wtithrich, Science 243: 45-50 (1989); Billeter et al., J. Mol. Biol.

155: 321-346 (1982)). Newer methods for determining the structures of globular proteins

include the use of residual dipolar coupling restraints (Tian et al., J Am Chem Soc. 2001
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Nov 28;123(47):11791-6; Bax et al, Methods Enzymol. 2001;339:127-74) and empirically

derived conformational restraints (Zweckstetter & Bax, J Am Chem Soc. 2001 Sep

26;123(38):9490-1). It has also been shown that it may be possible to determine structures

of globular proteins using only un-assignedNOE measurements. NMR may also be used to

determine ensembles ofmany inter-converting, unfolded conformations (Choy and Forman-

Kay, J Mol Biol. 2001 May 18;308(5):1011-32).

NMR analysis of a polypeptide in the presence and absence of a test compovuid

(e.g., a polypeptide, nucleic acid or small molecule) may be used to characterize

interactions between a polypeptide and another molecule. Because the ^H-*^N HSQC

spectrum and other simple 2D NMR experiments can be obtained very quickly (on the

order of minutes depending on protein concentration and NMR instrumentation), they are

very useful for rapidly testing whether a polypeptide is able to bind to another molecule.

Changes in the resonance frequency (in one or both dimensions) of one or more peaks in

the HSQC spectrum indicate an interaction with another molecule. Often only a subset of

the peaks will have changes in resonance frequency upon binding to anther molecule,

allowing one to map onto the structure those residues directly involved in the interaction or

involved in conformational changes as a result of the interaction. If the interacting

molecule is relatively large (protein or nucleic acid) the peak widths will also broaden due

to the increased rotational correlation time of the complex. In some cases the peaks

involved in the interaction may actually disappear from the NMR spectrum if the

interacting molecule is in intermediate exchange on theNMR timescale (i.e., exchanging on

and off the polypeptide at a frequency that is similar to the resonance frequency of the

monitored nuclei).

To facilitate the acquisition ofNMR data on a large number of compounds (e.g., a

library of synthetic or naturally-occurring small organic compounds), a sample changer

may be employed. Using the sample changer, a larger number of samples, numbering 60 or

more, may be run unattended. To facilitate processing of the NMR data, computer

programs are used to transfer and automatically process the multiple one-dimensionalNMR

data.

In one embodiment, the invention provides a screening method for identifying small

molecules capable of interacting with a polypeptide of the invention. In one example, the

screening process begins with . the generation or acquisition of either a T2-filtered or a

diffusion-filtered one-dimensional proton spectrum of the compound or mixture of
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compounds. Means for generating T2-filtered or diffusion-filtered one-dimensional proton

spectra are well known in the art (see, e.g., S. Meiboom and D. Gill, Rev. Sci. Instrum.

29:688(1958), S. J. Gibbs and C. S. Johnson, Jr. J. Main. Reson. 93:395-402 (1991) and A.

S. Altieri, et al. J. Am. Chem. Soc. 117: 7566-7567 (1995)).

Following acquisition of the first spectram for the molecules, the N- or C-labeled

polypeptide is exposed to one or more molecules. Where more than one test compound is

to be tested simultaneously, it is preferred to use a library of compounds such as a plurality

of small molecules. Such molecules are typically dissolved in perdeuterated

dimethylsulfoxide: The compounds in the library may be purchased from vendors or

created according to desired needs.

Individual compoimds may be selected inter alia on the basis of size and molecular

diversity for maximizing the possibility of discovering compounds that interact with widely

diverse binding sites of a subject amino acid sequence or other polypeptides of the

invention.

The NMR screening process of the present invention utiUzes a range of test

compound concentrations, e.g., from about 0.05 to about 1.0 mM. At those exemplary

concentrations, compounds which are acidic or basic may significantly change the pH of

buffered protein solutions. Chemical shifts are sensitive to pH changes as well as direct

binding interactions, and false-positive chemical shift changes, which are not the result of

test compound binding but of changes in pH, may therefore be observed. It may therefore

be necessary to ensure that the pH of the buffered solution does not change upon addition of

the test compound.

Following exposure of the test compounds to a polypeptide (e.g., the target

molecule for the experiment) a second one-dimensional T2- or diffiision-filtered spectrum is

generated. For the T2-filtered approach, that second spectrum is generated in the same

manner as set forth above. The first and second spectra are then compared to determine

whether there are any differences between the two spectra. Differences in the one-

dimensional T2-filtered spectra indicate that the compound is binding to, or otherwise

interacting with, the target molecule. Those differences are determined using standard

procedures well known in the art. For the diffusion-filtered method, the second spectrum is

generated by looking at the spectral differences between low and high gradient strengths-

thus selecting for those compounds whose diffusion rates are comparable to that observed

in the absence of target molecule.
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To discover additional molecules that bind to the protein, molecules are selected for

testing based on the structure/activity relationships from the initial screen and/or structural

inforaiation on the initial leads when bound to the protein. By way of example, the initial

screening may result in the identification of compounds, all of which contain an aromatic

ring. The second round of screening would then use other aromatic molecules as the test

compounds.

In another embodiment, the methods of the invention utilize a process for detecting

the binding of one ligand to a polypeptide in the presence of a second ligand. In accordance

with this embodiment, a polypeptide is bound to the second Ugand before exposing the

polypeptide to the test compoimds.

For more information onNMR methods encompassed by the present invention, see

also: U.S. Patent Nos. 5,668,734; 6,194,179; 6,162,627; 6,043,024; 5,817,474; 5,891,642;

5,989,827; 5,891,643; 6,077,682; WO 00/05414; WO 99/22019; Cavanagh, et al., Protein

NMR Spectroscopy, Principles and Practice, 1996, Academic Press; Clore, et al., NMR of

Proteins. In Topics in Molecular and Structural Biology, 1993, S. Neidle, Fuller, W., and

Cohen, J.S., eds., Macmillan Press, Ltd., London; and Christendat et al., Nature Structural

Biology 7: 903-909 (2000).

(c) Analysis ofProteins by X-ray Crystallography

(i) X-ray Structure Determination

Exemplary methods for obtaining the three dimensional stmcture of the crystalline

form of a molecule or complex are described herein and, in view of this specification,

variations on these methods will be apparent to those skilled in the art (see Ducmix and

Geige 1992, IRL Press, Oxford, England).

A variety of methods involving x-ray crystallography are contemplated by the

present invention. For example, the present invention contemplates producing a

crystallized polypeptide of the invention, or a firagment thereof, by: (a) introducing into a

host cell an expression vector comprising a nucleic acid encoding for a polypeptide of the

invention, or a j&agment thereof; (b) culturing the host cell in a cell culture medium to

express the polypeptide or firagment; (c) isolating the polypeptide or fragment from the cell

culture; and (d) crystallizing the polypeptide or fragment thereof. Alternatively, the present

invention contemplates determining the three dimensional structure of a crystaUized

polypeptide of the invention, or a fragment thereof, by: (a) crystallizing a polypeptide of the

invention, or a fragment thereof, such that the crystals will diffract x-rays to a resolution of
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3.5 A or better; and (b) analyzing the polypeptide or fragment by x-ray diffraction to

determine the three-dimensional structure of the crystallized polypeptide.

X-ray crystallography techniques generally require that the protein molecules be

available in the form of a crystal. Crystals may be grown from a solution containing a

5 purified polypeptide of the invention, or a fragment thereof (e.g., a stable domain), by a

variety of conventional processes. These processes include, for example, batch, liquid,

bridge, dialysis, vapour diffusion (e.g., hanging drop or sitting drop methods). (See for

example, McPherson, 1982 John Wiley, New York; McPherson, 1990, Eur. J. Biochem.

189: 1-23; Webber. 1991, Adv. Protein Chem. 41:1-36).

10 In certain embodiments, native crystals of the invention may be grown by adding

precipitants to the concentrated solution of the polypeptide. The precipitants are added at a

concentration just below that necessary to precipitate the protein. Water may be removed

by controlled evaporation to produce precipitating conditions, which are maintained until

crystal growth ceases.

15 The formation of crystals is dependent on a number of different parameters,

including pH, temperature, protein concentration, the nature of the solvent and precipitant,

as well as the presence of added ions or ligands to the protein. In addition, the sequence of

the polypeptide being crystallized will have a significant affect on the success of obtaining

crystals. Many routine crystallization experiments may be needed to screen all these

20 parameters for the few combinations that might give crystal suitable for x-ray diffraction

analysis (See, for example, Jancarik, J & Kim, S.H., J. Appl. Cryst. 1991 24: 409-411).

Crystallization robots may automate and speed up the work of reproducibly setting

up large number of crystallization experiments. Once some suitable set of conditions for

growing the crystal are found, variations of the condition may be systematically screened in

25 order to find the set of conditions which allows the growth of sufficiently large, single, well

ordered crystals. In certain instances, a polypeptide of the invention is co-crystallized with

a compound that stabilizes the polypeptide.

A number of methods are available to produce suitable radiation for x-ray

diffraction. For example, x-ray beams may be produced by synchrotron rings where

30 electrons (or positrons) are accelerated through an electromagnetic field while traveling at

close to the speed of light. Because the admitted wavelength may also be controlled,

synchrotrons may be used as a tunable x-ray source (Hendrickson WA., Trends Biochem

Sci 2000 Dec; 25(12):637-43). For less conventional Laue diffraction studies,
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polychromatic x-rays covering a broad wavelength window are used to observe many

diffraction intensities simultaneously (Stoddard, B. L., Curr. Opin. Struct Biol 1998 Oct;

8(5):612-8). Neutrons may also be used for solving protein crystal structures (Gutberlet T,

HeinemannU & Steiner M., Acta Crystallogr D 2001 ;57: 349-54).

Before data collection commences, a protein crystal may be frozen to protect it from

radiation damage. A number of different cryo-protectants may be used to assist in freezing

the crystal, such as methyl pentanediol (MPD), isopropanol, ethylene glycol, glycerol,

formate, citrate, mineral oil, or a low-molecular-weight polyethylene glycol (PEG). The

present invention contemplates a composition comprising a polypeptide of the invention

and a cryo-protectant. As an altemative to freezing the crystal, the crystal may also be used

for diffraction experiments performed at temperatures above the freezing point of the

solution. In these instances, the crystal may be protected from drying out by placing it in a

narrow capillary of a suitable material (generally glass or quartz) with some of the crystal

growth solution included in order to maintain vapour pressure.

X-ray diffraction results may be recorded by a number of ways know to one of skill

in the art. Examples of area electronic detectors include charge coupled device detectors,

multi-wire area detectors and phosphoimager detectors (Amemiya, Y, 1997. Methods in

Enzymology, Vol. 276. Academic Press, San Diego, pp. 233-243; Westbrook, E. M.,

Naday, I. 1997. Methods in Enzymology, Vol. 276. Academic Press, San Diego, pp. 244-

268; 1997. Kahn, R. & Fourme, R. Methods in Enzymology, Vol. 276. Academic Press,

San Diego, pp. 268-286).

A suitable system for laboratory data collection might include a Bruker AXS

Proteum R system, equipped with a copper rotating anode source, Confocal Max-Flux

optics and a SMART 6000 charge coupled device detector. Collection of x-ray diffraction

patterns are well documented by those skilled in the art (See, for example, Ducmix and

Geige, 1992, IRL Press, Oxford, England).

The theory behind diffraction by a crystal upon exposure to x-rays is well known.

Because phase information is not directly measured in the diffraction experiment, and is

needed to reconstruct the electron density map, methods that can recover this missing

information are required. One method of solving stmctures ab initio are the real /

reciprocal space cycling techniques. Suitable real / reciprocal space cycling search

programs include shake-and-bake (Weeks CM, DeTitta GT, Hauptman HA, Thuman P,

Miller R Acta Crystallogr A 1994; V50: 210-20).
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Other methods for deriving phases may also be needed. These techniques generally
rely on the idea that if two or more measurements of the same reflection are made where
strong, measurable, differences are attributable to the characteristics of asmall subset ofthe
atoms alone, then the contributions of other atoms can be, to a first approximation, ignored,
and positions of these atoms may be determined from the difference in scattering by one of
the above techniques. Knowing the position and scattering characteristics of those atoms,
one may calculate what phase the overall scattering must have had to produce the observed
differences.

One version of this technique is isomorphous replacement technique, which requires
the introduction of new, well ordered, x-ray scatterers into the crystal. These additions are
usually heavy metal atoms, (so that they make a significant difference in the diffraction
pattern); and if tiie additions do not change the structure of the molecule or of the crystal
cell, the resulting crystals should be isomorphous. Isomoiphous replacement experiments
are usually performed by diffiising different heavy-metal metals into the chamiels of a pre-
existing protein crystal. Growing the crystal from protein that has been soaked in the heavy
atom is also possible (Petsko, G.A., 1985. Methods in Enzymology, Vol. 114. Academic
Press, Oriando, pp. 147-156). Alternatively, the heavy atom may also be reactive and
attached covalently to exposed amino acid side chains (such as the sulfiir atom of cysteine)
or it may be associated through non-covalent interactions. It is sometimes possible to

20 replace endogenous light metals in metallo-proteins with heavier ones, e.g., zinc by
mercury, or calcium by samarium (Petsko, G.A., 1985. Methods in Enzymology. Vol 114
Academic Press, Orlando, pp. 147-156). Exemplary sources for such heavy compounds
include, without limitation, sodium bromide, sodimn selenate. trimethyl lead acetate,
mercuric chloride, methyl mercury acetate, platinum tetracyanide, platinum tetrachloride,'

25 nickel chloride, and emropium chloride.

A second technique for generating differences in scattering involves the
phenomenon of anomalous scattering. X-rays that cause the displacement of an electron in
an inner shell to a higher shell are subsequently rescattered, but lliere is a time lag that
shows up as a phase delay. This phase delay is observed as a (generally quite small)

30 difference in intensity between reflections known as Friedel mates that would be identical if
no anomalous scattering were present. A second effect related to this phenomenon is that
differences in the intensity of scattering of a given atom will vary in a wavelength

'

dependent manner, given rise to what are known as dispersive differences. In principle
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anomalous scattering occurs with all atoms, but the effect is strongest in heavy atoms, and
may be maximized by using x-rays at a wavelength where the energy is equal to the

difference in energy between shells. The technique therefore requires the incorporation of
some heavy atom much as is needed for isomorphous replacement, although for anomalous
scattering a wider variety of atoms are suitable, including lighter metal atoms (copper, zinc,

kon) in metallo-proteins. One method for preparing a protein for anomalous scattering

involves replacing the methionine residues in whole or in part with selenium containing

seleno-methionine. Soaks with haUde salts such as bromides and other non-reactive ions

may also be effective (Dauter Z, Li M, Wlodawer A., Acta Crystallogr D 2001; 57: 239-

49).

In another process, known as multiple anomalous scattering or MAD, two to four

suitable wavelengths of data are collected. (Hendrickson, W.A. and Ogata, CM. 1997
Methods in Enzymology 276, 494 - 523). Phasing by various combinations of single and
multiple isomorphous and anomalous scattering are possible too. For example, SIRA.S
(single isomorphous replacement witii anomalous scattering) utilizes both the isomorphous
and anomalous differences for one derivative to derive phases. More traditionally, several

different heavy atoms are soaked into different crystals to get sufficient phase information
firom isomorphous differences while ignoring anomalous scattering, in the technique known
as multiple isomorphous replacement (MIR) (Petsko, G.A., 1985. Methods in Enzymology,
Vol. 1 14. Academic Press, Orlando, pp. 147-156).

Additional restraints on the phases may be derived from density modification

techniques. These techniques use either generally known features of electron density

distribution or known facts about that particular crystal to improve the phases. For example,
because protein regions of the crystal scatter more strongly than solvent regions, solvent

flattening/flipping may be used to adjust phases to make solvent density a uniform flat

value (Zhang, K. Y. J., Cowtan, K. and Main, P. Methods in Enzymology 277, 1997
Academic Press, Orlando pp 53-64). Ifmore than one molecule of the protein is present in

the asymmetric unit, the fact that the different molecules should be virtually identical may
be exploited to further reduce phase error using non-crystallographic symmetry averaging

(VilUeux, F. M. D. and Read, R. J. Methods in Enzymology 277, 1997 Academic Press,

Orlando pp18-52). Suitable programs for performing these processes includeDM and other

programs of the CCP4 suite (Collaborative Computational Project, Number 4. 1994. Acta
Cryst. D50, 760-763) and CNX.
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The unit cell dimensions, symmetry, vector amplitude and derived phase

information can be used in a Foxirier transform function to calculate the electron density in

the unit cell, i.e., to generate an experimental electron density map. This may be

accompUshed using programs of the CNX or CCP4 packages. The resolution is measured

5 in Angstrom (A) units, and is closely related to how far apart two objects need to be before

they can be reliably distinguished. The smaller this number is, the higher the resolution and

therefore the greater the amount of detail that can be seen. Preferably, crystals of the

invention diffract x-rays to a resolution of better than about 4.0, 3.5, 3.0, 2.5, 2.0, 1.5, 1.0,

0.5 A or better,

10 As used herein, the term "modeling" includes the quantitative and qualitative

analysis of molecular structure and/or function based on atomic structural information and

interaction models. The term "modeling" includes conventional numeric-based molecular

dynamic and energy minimization models, interactive computer graphic models, modified

molecular mechanics models, distance geometry and other structure-based constraint

15 models.

Model buildiug may be accomplished by eitiher the crystallographer using a

computer graphics program such as TURBO or O (Jones, TA. et al.. Acta Crystallogr. A47,

100-1 19, 1991) or, under suitable circumstances, by using a fully automated model building

program, such as wARP (Anastassis Perrakis, Richard Morris & Victor S. Lamzin; Nature

20 Structural Biology, May 1999 Volume 6 Number 5 pp 458 - 463) or MAID (Levitt, D. G.,

Acta Crystallogr. D 2001 V57: 1013-9), This structure may be used to calculate model-

derived diffraction amplitudes and phases. The model-derived and experimental diffraction

amplitudes may be compared and the agreement between them can be described by a

parameter referred to as R-factor. A high degree of correlation in the amplitudes

25 corresponds to a low R-factor value, with 0.0 representing exact agreement and 0.59

representing a completely random structure. Because the R-factor may be lowered by

introducing more free parameters into the model, an unbiased, cross-correlated version of

the R-factor known as the R-free gives a more objective measure ofmodel quality. For the

calculation of this parameter a subset of reflections (generally aroimd 10%) are set aside at

30 the begirmiag of the refinement and not used as part of the refinement target. These

reflections are then compared to those predicted by the model (Kleywegt GJ, Brunger AT,

Structure 1996 Aug 15;4(8):897-904).
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The model may be improved using computer programs that maximize the

probability that the observed data was produced from the predicted model, while

simultaneously optimizing the model geometry. For example, the CNX program may be

used for model refinement, as can the XPLOR program (1992, Nature 355:472-475, G.N.

Murshudov, A.A.Vagin and E.J.Dodson, (1997) Acta Ciyst. D 53, 240-255). In order to

maximize the convergence radius of refinement, simulated anneaUng refinement using

torsion angle dynamics may be employed in order to reduce the degrees of freedom of

motion of the model (Adams PD, Pannu NS, Read RJ, Brunger AT., Proc Natl Acad Sci U

S A 1997 May 13;94(10):5018-23). Where experimental phase information is available

(e.g. where MAD data was collected) Hendrickson-Lattman phase probabihty targets may

be employed. Isotropic or anisotropic domain, group or individual temperature factor

refinement, may be used to model variance of the atomic position from its mean. Well

defined peaks of electron density not attributable to protein atoms are generally modeled as

water molecules. Water molecules may be found by manual inspection of electron density
I

maps, or with automatic water picking routines. Additional small molecules, including

ions, cofactors, buffer molecules or substrates may be included in the model if sufficiently

imambiguous electron density is observed in a map.

In general, the R-free is rarely as low as 0.15 and may be as high as 0.35 or greater

for a reasonably well-determined protein structure. The residual difference is a

consequence of approximations in the model (inadequate modeUng of residual structure in

the solvent, modeling atoms as isotropic Gaussian spheres, assuming all molecules are

identical rather than having a set of discrete conformers, etc.) and errors in the data

(Lattman EE., Proteins 1996; 25: i-ii). In refined structures at high resolution, there are

usually no major errors in the orientation of individual residues, and the estimated errors in

atomic positions are usually around 0.1 - 0.2 up to 0.3 A.

The three dimensional structure of a new crystal may be modeled using molecxilar

replacement. The term "molecular replacement" refers to a method that involves generating

a preliminary model of a molecule or complex whose structure coordinates are unknown,

by orienting and positioning a molecule whose structure coordinates are known within the

unit cell of the unknown crystal, so as best to account for the observed diffraction pattem of

the imknown crystal. Phases may then be calculated from this model and combined with

the observed amplitudes to give an approximate Fourier synthesis of the structure whose

coordinates are unknown. This, in turn, can be subject to any of the several forms of

-84-



wo 03/087353 PCT/CA03/00481

refinement to provide a final, accurate structure of the unknown crystal. Lattman, E., "Use

of the Rotation and Translation Fxmctions", in Methods in Enzymology, 115, pp. 55-77

(1985); M. G. Rossmann, ed., "The Molecular Replacement Method", Int. Sci. Rev. Ser.,

No. 13, Gordon & Breach, New York, (1972).

5 Coromonly used computer software packages for molecular replacement are CNX,

X-PLOR (Brunger 1992, Nature 355: 472-475), AMoRE (Navaza, 1994, Acta Crystallogr.

A50: 157-163), the CCP4 package, the MERLOT package (P.M.D. Fitzgerald, J. Appl.

Cryst., Vol. 21, pp. 273-278, 1988) and XTALVIEW (McCree et al (1992) J. Mol. Graphics

10: 44-46). The quality of the model may be analyzed using a program such as

10 PROCHECK or 3D-Profiler (Laskowski et al 1993 J. Appl. Cryst. 26:283-291; Luthy R. et

al. Nature 356: 83-85, 1992; and Bowie, J.U. et al. Science 253: 164-170, 1991).

Homology modeling (also known as comparative modeling or knowledge-based

modeling) methods may also be used to develop a three dimensional model firom a

polypeptide sequence based on the structures of known proteins. The method utilizes a

15 computer model of a known protein, a computer representation of the amino acid sequence

of the polypeptide with an luiknown structure, and standard computer representations of the

structures of amino acids. This method is well known to those skilled in the art (Greer,

1985, Science 228, 1055; Bundell et al 1988, Eur. J. Biochem. 172, 513; Knighton et al.,

1992, Science 258: 130-135, http://biochem.vt.edu/courses/-modeling/homology.htn).

20 Computer programs that can be used in homology modeling are QUANTA and the

Homology module in the Insight 11 modeling package distributed by Molecular Simulations

Inc, or MODELLER (Rockefeller University, www.iucr.ac.uk/sinris-top/logical/prg-

modeller.html)

.

Once a homology model has been generated it is aaalyzed to detemodbne its

25 correctness. A computer program available to assist in this analysis is the Protein Health

module in QUANTA which provides a variety of tests. Other programs that provide

structure analysis along with output include PROCHECK and 3D-Profiler (Luthy R, et al.

Nature 356: 83-85, 1992; and Bowie, J.U. et al, Science 253: 164-170, 1991). Once any

irregularities have been resolved, the entire structure may be further refined.

30 Other molecular modeling techniques may also be employed in accordance with this

invention. See, e.g., Cohen, N. C. et al, J. Med. Chem., 33, pp. 883-894 (1990). See also,

Navix, M. A. and M. A. Marko, Current Opinions in Structural Biology, 2, pp. 202-210

(1992).
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Under suitable circumstances, the entire process of solving a crystal structure may

be accomplished in an automated fashion by a system such as ELVES

(http://ucxrav.berkelev.edu/Hamesh/elves/index,html) with little or no user intervention.

(ii) X-ray Structure

The present invention provides methods for determining some or all of the structural

coordinates for amino acids of a polypeptide ofthe invention, or a complex thereof.

In another aspect, the present invention provides methods for identifying a

druggable region of a polypeptide of the invention. For example, one such method

includes: (a) obtaining crystals of a polypeptide of the invention or a fragment thereof such

that the three dimensional structure of the crystallized protein can be determined to a

resolution of 3.5 A or better; (b) determining the three dimensional structure of the

crystallized polypeptide or fragment using x-ray diffraction; and (c) identifying a druggable

region of a polypeptide of the invention based on the three-dimensional structure of the

polypeptide or fragment.

A three dimensional structure of a molecule or complex may be described by the set

of atoms that best predict the observed diffraction data (that is, which possesses a minimal

R value). Files may be created for the structure that defines each atom by its chemical

identity, spatial coordinates in three dimensions, root mean squared deviation from the

mean observed position and fractional occupancy ofthe observed position.

Those of skill in the art understand that a set of structure coordinates for an protein,

complex or a portion thereof, is a relative set of points that define a shape in three

dimensions. Thus, it is possible that an entirely different set of coordinates could define a

similar or identical shape. Moreover, slight variations in the individual coordinates may

have little affect on overall shape. Such variations in coordinates may be generated because

of mathematical manipulations of the structure coordinates. For example, structure

coordinates could be manipulated by crystallographic permutations of the structure

coordinates, fractionalization of the structure coordinates, integer additions or subtractions

to sets of the structure coordinates, inversion of the structin-e coordinates or any

combination of the above. Altematively, modifications in the crystal structure due to

mutations, additions, substitutions, and/or deletions of amino acids, or other changes in any

of the components that make up the crystal, could also yield variations in structure

coordinates. Such slight variations in the individual coordinates will have httle affect on

overall shape. If such variations are within an acceptable standard error as compared to the
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original coordinates, the resulting three-dimensional shape is considered to be structurally

equivalent. It should be noted that slight variations in individual structure coordinates of a

polypeptide of the invention or a complex thereof would not be expected to significantly

alter the nature of modulators that could associate with a druggable region thereof Thus,

for example, a modulator that bound to the active site of a polypeptide of the invention

would also be expected to bind to or interfere with another active site whose structure

coordinates define a shape that falls within the acceptable error.

A crystal structure of the present invention may be used to make a structural or

computer model of the polypeptide, complex or portion thereof A model may represent the

secondary, tertiary and/or quaternary structure of the polypeptide, complex or portion. The

configurations of points in space derived from structure coordinates according to the

invention can be visualized as, for example, a holographic image, a stereodiagram, a model

or a computer-displayed image, and the invention thus includes such images, diagrams or

models.

(in) Structural Equivalents

Various computational analyses can be used to determine whether a molecule or the

active site portion thereof is stmcturally equivalent with respect to its three-dimensional

structure, to all or part of a structure of a polypeptide of the invention or a portion thereof

For the purpose of this invention, any molecule or complex or portion thereof, that

has a root mean square deviation of conserved residue backbone atoms (N, Ca, C, O) of

less than about 1 .75 A, when superimposed on the relevant backbone atoms described by

the reference structure coordinates of a polypeptide of the invention, is considered

"structurally equivalent" to the reference molecule. That is to say, the crystal structures of

Ihose portions of the two molecules are substantially identical, within acceptable error.

Altematively, the root mean square deviation may be is less than about 1,50, 1.40, 1.25, 1.0,

0.75, 0.5 or 0.35 A.

The term "root mean square deviation" is understood in the art and means the square

root of the arithmetic mean of die squares of the deviations. It is a way to express the

deviation or variation firom a trend or object.

In another aspect, the present invention provides a scalable three-dimensional

configuration of points, at least a portion of said points, and preferably all of said points,

derived from structural coordinates of at least a portion of a polypeptide of the invention

and having a root mean square deviation from the structure coordinates of the polypeptide
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of the invention of less than 1.50, 1.40, 1.25, 1.0, 0.75, 0.5 or 0.35 A. In certain

embodiments, the portion of a polypeptide of the invention is 25%, 33%, 50%, 66%, 75%,

85%, 90% or 95% or more of the amino acid residues contained in the polypeptide.

In another aspect, the present invention provides a molecule or complex including a

druggable region of a polypeptide of the invention, the draggable region being defined by a

set of points having a root mean square deviation of less than about 1.75 A j&om the

structural coordinates for points representing (a) the backbone atoms of the amino acids

contained in a druggable region of a polypeptide of the invention, (b) the side chain atoms

(and optionally the Ca atoms) of the amino acids contained in such druggable region, or

(c) all the atoms of the amino acids contained in such druggable region. In certain

embodiments, only a portion of the amino acids of a druggable region may be included in

the set of points, such as 25%, 33%, 50%, 66%, 75%, 85%, 90% or 95% or more of the

amino acid residues contained in the druggable region. In certain embodiments, the root

mean square deviation may be less than 1.50, 1.40, 1.25, 1.0, 0.75, 0.5, or 0.35 A. In still

other embodiments, instead of a druggable region, a stable domain, fragment or structural

motif is used in place of a dmggable region.

(iy) Machine Displays and Machine Readable Storage Media

The invention provides a machine-readable storage medium including a data storage

material encoded with machine readable data which, when using a machine programmed

with instructions for using said data, displays a graphical three-dimensional representation

of any of the molecules or complexes, or portions thereof, of this invention. In another

embodiment, the graphical three-dimensional representation of such molecule, complex or

portion thereof includes the root mean square deviation of certain atoms of such molecule

by a specified amount, such as the backbone atoms by less than 0.8 A. In another

embodiment, a structural equivalent of such molecule, complex, or portion thereof, may be

displayed. In another embodiment, the portion may include a druggable region of the

polypeptide of the invention.

According to one embodiment, the invention provides a computer for determining at

least a portion of the structure coordinates corresponding to x-ray diffraction data obtained

from a molecule or complex, wherein said computer includes: (a) a machine-readable data

storage medium comprising a data storage material encoded with machine-readable data,

wherein said data comprises at least a portion of the structural coordinates of a polypeptide

of the invention; (b) a machine-readable data storage mediiun comprising a data storage
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material encoded with machine-readable data, wherein said data comprises x-ray diffraction

data from said molecule or complex; (c) a working memory for storing instructions for

processing said machine-readable data of (a) and (b); (d) a central-processing unit coupled

to said working memory and to said machine-readable data storage medium of (a) and (b)

5 for performing a Fourier transform of the machine readable data of (a) and for processing

said machine readable data of (b) into structure coordinates; and (e) a display coupled to

said central-processing unit for displaying said structure coordinates of said molecule or

complex. In certain embodiments, the structural coordinates displayed are structurally

eqmvalent to the structural coordinates of a polypeptide of the invention,

10 In an altemative embodiment, the machine-readable data storage medium includes a

data storage material encoded with a first set of machine readable data which includes the

Fourier transform of the stmcture coordinates of a polypeptide of the invention or a portion

thereof, and which, when using a machine programmed with instructions for using said

data, can be combined with a second set of machine readable data including the x-ray

15 diffraction pattern of a molecule or complex to determine at least a portion of the stmcture

coordinates corresponding to the second set ofmachine readable data.

For example, a system for reading a data storage medium may include a computer

including a central processing unit ("CPU"), a working memory which may be, e.g., RAM
(random access memory) or "core" memory, mass storage memory (such as one or more

20 disk drives or CD-ROM drives), one or more display devices (e.g., cathode-ray tube

("CRT") displays, light emitting diode ("LED") displays, liquid crystal displays ("LCDs"),

electroluminescent displays, vacuum fluorescent displays, field emission displays

("FEDs"), plasma displays, projection panels, etc.), one or more user input devices (e.g.,

keyboards, microphones, mice, touch screens, etc.), one or more input lines, and one or

25 more output lines, all of which are interconnected by a conventional bidirectional system

bus. The system may be a stand-alone computer, or may be networked (e.g., through local

area networks, wide area networks, intranets, extranets, or the internet) to other systems

(e.g., computers, hosts, servers, etc.). The system may also include additional computer

controlled devices such as consumer electronics and appliances.

30 Input hardware may be coupled to the computer by input lines and may be

implemented in a variety ofways. Machine-readable data of this invention may be inputted

via the use of a modem or modems connected by a telephone line or dedicated data Une.

Alternatively or additionally, the input hardware may include CD-ROM drives or disk
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drives. In conjunction with a display terminal, a keyboard may also be used as an input

device.

Output hardware may be coupled to the computer by output lines and may similarly

be implemented by conventional devices. By way of example, the output hardware may

5 include a display device for displaying a graphical representation of an active site of this

invention using a program such as QUANTA as described herein. Output hardware might

also include a printer, so that hard copy output may be produced, or a disk drive, to store

system output for later use.

In operation, a CPU coordinates the use of the various input and output devices,

10 coordinates data accesses from mass storage devices, accesses to and from working

memory, and determines the sequence of data processing steps. A number ofprograms may

be used to process the machine-readable data of this invention. Such programs are

discussed in reference to the computational methods of drug discovery as described herein.

References to components of the hardware system are included as appropriate throughout

1 5 the following description ofthe data storage medium.

Machine-readable storage devices useftil in the present invention include, but are

not Umited to, magnetic devices, electrical devices, optical devices, and combinations

thereof. Examples of such data storage devices include, but are not limited to, hard disk

devices, CD devices, digital video disk devices, floppy disk devices, removable hard disk

20 devices, magneto-optic disk devices, magnetic tape devices, flash memory devices, bubble

memory devices, holographic storage devices, and any other mass storage peripheral

device. It should be understood that these storage devices include necessary hardware (e.g.,

drives, controllers, power supplies, etc.) as well as any necessary media (e.g., disks, flash

cards, etc.) to enable the storage of data.

25 In one embodiment, the present invention contemplates a computer readable storage

medium comprising structural data, wherein the data include the identity and three-

dimensional coordinates of a polypeptide of the invention or portion thereof. In another

aspect, the present invention contemplates a database comprising the identity and three-

dimensional coordinates of a polypeptide of the invention or a portion thereof.

30 Altematively, the present invention contemplates a database comprising a portion or all of

the atomic coordinates of a polypeptide ofthe invention or portion thereof.

(v) Structurally SimilarMolecules and Complexes
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Structural coordinates for a polypeptide of the invention can be used to aid in

obtaining structural information about another molecule or complex. This method of the

invention allows determination of at least a portion of the three-dimensional structure of

molecules or molecular complexes which contain one or more structural features that are

5 similar to structural featxires of a polypeptide of the invention. Similar structural features

can include, for example, regions of amino acid identity, conserved active site or binding

site motifs, and similarly arranged secondary structural elements (e.g., a helices and P

sheets). Many of the methods described above for determining the structure of a

polypeptide ofthe invention may be used for this purpose as well.

10 For the present invention, a "stmctural homolog" is a polypeptide that contains one

or more amino acid substitutions, deletions, additions, or rearrangements with respect to a

subject amino acid sequence or other polypeptide of the invention, but that, when folded

into its native conformation, exhibits or is reasonably expected to exhibit at least a portion

of the tertiary (three-dimensional) structure of the polypeptide encoded by the related

15 subject amino acid sequence or such other polypeptide of the invention. For example,

structurally homologous molecules can contain deletions or additions of one or more

contiguous or noncontiguous amino acids, such as a loop or a domain. Structurally

homologous molecules also include modified polypeptide molecules that have been

chemically or enzymatically derivatized at one or more constituent amino acids, including

20 side chain modifications, backbone modifications, and N- and C-terminal modifications

including acetylation, hydroxylation, methylation, amidation, and the attachment of

carbohydrate or lipid moieties, cofactors, and the like.

By using molecular replacement, all or part of the structure coordinates of a

polypeptide of the invention can be used to determine the structure of a crystallized

25 molecule or complex whose structure is unknown more quickly and efficiently, than

attempting to determine such information ab initio. For example, in one embodiment this

invention provides a method of utilizing molecular replacement to obtain stmctural

information about a molecule or complex whose stracture is unknown including: (a)

crystallizing the molecule or complex of imknown structure; (b) generating an x-ray

30 diffiaction pattern firom said crystallized molecule or complex; and (c) applying at least a

portion of the stmcture coordinates for a polypeptide of the invention to the x-ray

diffiraction pattern to generate a three-dimensional electron density map of the molecule or

complex whose stmcture is unknown.
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In another aspect, the present invention provides a method for generating a

preliminary model of a moleciae or complex whose structure coordmates are unknown, by

orienting and positioning the relevant portion of a polypeptide of the invention within the

unit cell of the crystal of the unknown molecule or complex so as best to account for the

observed x-ray diffraction pattern of the crystal of the molecule or complex whose structure

is imknown.

Structural information about a portion of any crystallized molecule or complex that

is sufficiently structurally similar to a portion of a polypeptide of the invention may be

resolved by this method. In addition to a molecule that shares one or more structural

features with a polypeptide of the invention, a molecule that has similar bioactivity, such as

the same catalytic activity, substrate specificity or ligand binding activity as a polypeptide

of the invention, may also be sufficiently structurally similar to a polypeptide of the

invention to permit use of the structure coordinates for a polypeptide of the invention to

solve its crystal structure.

In another aspect, the method of molecular replacement is utilized to obtain

structural information about a complex containing a polypeptide of the invention, such as a

complex between a modulator and a polypeptide of the invention (or a domain, fragment,

ortholog, homolog etc. thereof). In certain instances, the complex includes a polypeptide of

the invention (or a domain, firagment, ortholog, homolog etc. thereof) co-complexed with a

modulator. For example, in one embodiment, the present invention contemplates a method

for making a crystallized complex comprising a polypeptide of the mvention, or a fragment

tiaereof, and a compound having a molecular weight of less than 5 kDa, the method

comprising: (a) crystallizing a polypeptide of the invention such that the crystals will

diffract x-rays to a resolution of 3.5 A or better; and (b) soaking the crystal in a solution

comprising the compound having a molecular weight of less than 5 kDa, thereby producing

a crystallized complex comprising the polypeptide and the compound.

Using homology modeling, a computer model of a structural homolog or other

polypeptide can be built or refined without crystalhzing the molecule. For example, in

another aspect, the present invention provides a computer-assisted method for homology

modeling a structural homolog of a polypeptide of the invention including: aKgning the

amino acid sequence of a knovm or suspected structural homolog with the amino acid

sequence of a polypeptide of the invention and incorporating the sequence of the homolog

into a model of a polypeptide of the invention derived from atomic structure coordinates to
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yield a preliminary model of the homolog; subjecting the preliminary model to energy

minimization to yield an energy minimized model; remodeling regions of the energy

minimized model where stereochemistry restraints are violated to yield a final model of the

homolog.

In another embodiment, the present invention contemplates a method for

determining the crystal structure of a homolog of a polypeptide encoded by a subject amino

acid sequence, or equivalent thereof, the method comprising: (a) providing the three

dimensional structure of a crystallized polypeptide of a subject amino acid sequence, or a

fragment thereof; (b) obtaining crystals of a homologous polypeptide comprising an amino

acid sequence that is at least 80% identical to the subject amino acid sequence such that the

three dimensional stmcture of the crystalhzed homologous polypeptide may be determined

to a resolution of 3.5 A or better; and (c) determining the three dimensional stmcture of the

crystallized homologous polypeptide, by x-ray crystallography based on the atomic

coordinates of the three dimensional structure provided in step (a). In certain instances of

the foregoing method, the atomic coordinates for the homologous polypeptide have a root

mean square deviation from the backbone atoms of the polypeptide encoded by the

apphcable subject amino acid sequence, or a fragment thereof, of not more than 1.5 A for

all backbone atoms shared in common with the homologous polypeptide and the such

encoded polypeptide, or a fragment thereof.

(vi) NMR Analysis Using X-ray Structural Data

In another aspect, the stmctural coordinates of a known crystal structure may be

applied to nuclear magnetic resonance data to determine the three dimensional structures of

polypeptides with xmcharacterized or incompletely characterized structvure. (See for

example, Wuthrich, 1986, John Wiley and Sons, New York: 176-199; Pflugrath et al., 1986,

J. Molecular Biology 189: 383-386; Kline et aL, 1986 J. Molecular Biology 189:377-382).

While the secondary structure of a polypeptide may often be determined by NMR data, the

spatial connections between individual pieces of secondary stracture are not as readily

determined. The stmctural coordinates of a polypeptide defined by x-ray crystallography

can guide the NMR spectroscopist to an understanding of the spatial interactions between

secondary stmctural elements in a polypeptide of related stmcture. Information on spatial

interactions between secondary stmctural elements can greatly simplify NOE data from

two-dimensional NMR experiments. In addition, applying the stmctural coordinates after
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the determination of secondary structure by NMR techniques simplifies the assignment of

NOE's relating to particular amino acids in the polypeptide sequence.

In an embodiment, the invention relates to a method of determining three

dimensional structures of polypeptides with unknown structures, by applying the structural

coordinates of a crystal of the present invention to nuclear magnetic resonance data of the

unknown stmcture. This method comprises the steps of: (a) determining the secondary

structure of an unknown structure using NMR data; and (b) simphfying the assignment of

through-space interactions of amino acids. The term "through-space interactions" defines

the orientation of the secondary structural elements in the three dimensional structure and

the distances between amino acids firom different portions of the amino acid sequence. The

term "assignment" defines a method of analyzing NMR data and identifying which amino

acids give rise to signals in theNMR spectrum.

For all of this section on x-ray cystallography, see also Brooks et al. (1983) J

Comput Chem 4:187-217; Weiner et al (1981) J. Comput Chem. 106: 765; Eisenfield et al.

(1991) Am J Physiol 261:0376-386; Lybrand (1991) JPharm Belg 46:49-54; Froimowitz

(1990) Biotechniques 8:640-644; Burbam et al (1990) Proteins 7:99-111; Pedersen (1985)

Environ Health Perspect 61:185-190; and Kini et al. (1991) J Biomol Struct Dyn 9:475-

488; Ryckaert et al. (1977) J Comput Phys 23:327; Van Gunsteren et al. (1977) Mol Phys

34:1311; Anderson (1983) J Comput Phys 52:24; J. Mol. Biol. 48: 442-453, 1970; Dayhoff

et al., Meth. Enzymol. 91: 524-545, 1983; Henikoff and Henikoff, Proc. Nat. Acad. Sci.

USA 89: 10915-10919, 1992; J. Mol. Biol. 233: 716-738, 1993; Methods in Enzymology,

Volume 276, Macromolecular crystallography. Part A, ISBN 0-12-182177-3 and Volume

277, Macromolecular crystallography. Part B, ISBN 0-12-182178-1, Eds. Charles W.

Carter, Jr. and Robert M. Sweet (1997), Academic Press, San Diego; Pfuetzner, et al., J.

Biol. Chem. 272: 430-434 (1997).

6, Interacting Proteins

The present invention also provides methods for isolating specific protein

interactors of a polypeptide of the invention, and complexes comprising a polypeptide of

the invention and one or more interacting proteins. In one aspect, the present invention

contemplates an isolated protein complex comprising a polypeptide of the invention and at

least one protein that interacts with the polypeptide of the invention. The interacting

protein may be naturally-occurring. The interacting protein may be of the same origin of
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the polypeptide of the invention with which such protein interacts. Alternatively, the

interacting protein may be ofmammalian origin or human origin. Either the polypeptide of

the invention, the interacting protein, or both, may be a fusion protein.

The present invention contemplates a method for identifying a protein capable of

interacting with a polypeptide of the invention or a fragment thereof, the method

comprising: (a) exposing a sample to a solid substrate coupled to a polypeptide of the

invention or a fragment thereof xmder conditions which promote protein-protein

interactions; (b) washing the solid substrate so as to remove any polypeptides interacting

non-specifically with the polypeptide or fragment; (c) eluting the polypeptides which

specifically interact with the polypeptide or fragment; and (d) identifying the interacting

protein. The sample may be an extract from the same bacterial species as the polypeptide

of the invention of interest, a mammalian cell extract, a human cell extract, a pmified

protein (or a fragment thereof), or a mixture of purified proteins (or fragments thereof).

The interacting protein may be identified by a number of methods, including mass

spectrometry or protein sequencing.

In another aspect, the present invention contemplates a method for identifying a

protein capable of interacting with a polypeptide of present invention or a fragment thereof,

the method comprising: (a) subjecting a sample to protein-affinity chromatography on

multiple columns, the colmnns having a polypeptide of the invention or a fragment thereof

coupled to the column matrix in varying concentrations, and eluting bound components of

the extract from the columns; (b) separating the components to isolate a polypeptide

capable of interacting with the polypeptide or fragment; and (c) analyzing the interacting

protein by mass spectrometry to identify the interacting protein. In certain instances, the

foregoing method will use polyacrylamide gel electrophoresis without SDS.

In another aspect, the present invention contemplates a method for identifying a

protein capable of interacting with a polypeptide of the invention, the method comprising:

(a) subjecting a cellular extract or extracellular fluid to protein-affinity chromatography on

multiple columns, the colunms having a polypeptide of the invention or a fragment thereof

coupled to the column matrix in varying concentrations, and eluting bound components of

the extract from the columns; (b) gel-separating the components to isolate an interacting

protein; wherein the interacting protein is observed to vary in amoxmt in direct relation to

the concentration of coupled polypeptide or fragment; (c) digesting the interacting protein

to give corresponding peptides; (d) analyzing the peptides by MALDI-TOF mass
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Spectrometry or post source decay to determine the peptide masses; and (d) performing

correlative database searches with the peptide, or peptide fragment, masses, whereby the

interacting protein is identified based on the masses of the peptides or peptide fragments.

The foregoing method may include the ftirther step of including the identifies of any

5 interacting proteins into a relational database.

In another aspect, the invention ftirther contemplates a method for identifying

modulators of a protein complex, the method comprising: (a) contacting a protein complex

comprising a polypeptide of the invention and an interacting protein with one or more test

compoxmds; and (b) determining the effect of the test compound on (i) the activity of the

10 protein complex, (ii) the amoimt of the protein complex, (iii) the stability of the protein

complex, (iv) the conformation of the protein complex, (v) the activity of at least one

polypeptide included in the protein complex, (vi) the conformation of at least one

polypeptide included in the protein complex, (vii) the intracellular localization of the

protein complex or a component thereof, (viii) the transcription level of a gene dependent

15 on the complex, and/or (ix) the level of second messenger levels in a cell; thereby

identifying modulators of the protein complex. The foregoing method may be carried out

in vitro or in vivo as appropriate.

Typically, it will be desirable to immobilize a polypeptide of the invention to

faciUtate separation of complexes comprising a polypeptide of the invention from

20 uncomplexed forms of the interacting proteins, as well as to accommodate automation of

the assay. The polypeptide of the invention, or Ugand, may be immobiUzed onto a solid

support (e.g., column matrix, microtiter plate, sUde, etc.). In certain embodiments, the

ligand may be purified. In certain instances, a fiision protein may be provided which adds a

domain that permits the ligand to be bound to a support.

25 In various in vitro embodiments, the set of proteins engaged in a protein-protein

interaction comprises a cell extract, a clarified cell extract, or a reconstituted protein

mixture of at least semi-purified proteins. By semi-purified, it is meant that the proteins

utilized in the reconstituted mixture have been previously separated from other cellular or

viral proteins. For instance, in contrast to cell lysates, the proteins involved in a protein-

30 protein interaction are present in the mixture to at least about 50% purity relative to all

other proteins in the mixture, and more preferably are present in greater, even 90-95%,

purity. In certain embodiments of the subject method, the reconstituted protein mixture is

derived by mixing highly purified proteins such that the reconstituted mixture substantially

-96-



PCT/CA03/00481

lacks other proteins (such as of cellular or viral origin) which might interfere with or

otherwise alter the ability to measure activity resulting from the given protein-protein

interaction.

Complex formation involving a polypeptide ofthe invention and another component

5 polypeptide or a substrate polypeptide, may be detected by a variety of techniques. For

instance, modulation in the formation of complexes can be quantitated using, for example,

detectably labeled proteins (e.g. radiolabeled, fluorescently labeled, or enzymatically

labeled), by immxmoassay, or by chromatographic detection.

The present invention also provides assays for identifying molecules which are

10 modulators of a protein-protein interaction involving a polypeptide ofthe invention, or are a

modxilator of the role of the complex comprising a polypeptide of the invention in the

infectivity or pathogenicity of the pathogenic species of origin for such polypeptide. In one

embodiment, the assay detects agents which inhibit formation or stabilization of a protein

complex comprising a polypeptide of the invention and one or more additional proteins. In

15 another embodiment, the assay detects agents which modulate the intrinsic biological

activity of a protein complex comprising a polypeptide of the invention, such as an

enzymatic activity, binding to other cellular components, cellular compartmentalization,

signal transduction, and the like. Such modulators may be used, for example, in the

treatment of diseases or disorders for the pathogejoic species of origin for such polypeptide.

20 In certain embodiments, the compoxmd is a mechanism based inhibitor which chemically

alters one member of a protein-protein interaction involving a polypeptide of the invention

and which is a specific inhibitor of that member, e.g. has an inhibition constant about 10-

fold, 100-fold, or 1000-fold different compared to homologous proteins.

In one embodiment, proteins that interact with a polypeptide of the invention may

25 be isolated using immimoprecipitation. A polypeptide of the invention may be expressed in

its pathogenic species of origin, or in a heterologous system. The cells expressing a

polypeptide of the invention are then lysed under conditions which maintain protein-protein

interactions, and complexes comprising a polypeptide of the invention are isolated. For

example, a polypeptide of the invention may be expressed in mammalian cells, including

30 human cells, in ordejr to identify manxtnalian proteins that interact with a polypeptide of the

invention and therefore may play a role in the infectivity or proliferation of such

polypeptide's species of origin. In one embodiment, a polypeptide of the invention is

expressed in the cell type for which it is desirable to find interacting proteins. For example.

-97-



wo 03/087353 PCT/CA03/00481

a polypeptide of the invention may be expressed in its species of origin in order to find

interacting proteins derived from such species.

In an altemative embodiment, a polypeptide of the invention is expressed and

purified and then mixed with a potential interacting protein or mixture of proteins to

5 identify complex formation. The potential interacting protein may be a single purified or

semi-purified protein, or a mixture of proteins, including a mixture of purified or semi-

purified proteins, a cell lysate, a clarified cell lysate, a semi-purified cell lysate, etc.

In certain embodiments, it may be desirable to use a tagged version of a polypeptide

of the invention in order to facilitate isolation of complexes from the reaction mixture.

10 Suitable tags for immxmoprecipitation experiments include HA, myc, FLAG, HIS, GST,

protein A, protein G, etc. Immtuioprecipitation from a cell lysate or other protein mixture

may be carried out using an antibody specific for a polypeptide of the invention or using an

antibody which recognizes a tag to which a polypeptide of the invention is fiised (e.g., anti-

HA, anti-myc, anti-FLAG, etc.). Antibodies specific for a variety of tags are known to the

15 skilled artisan and are conmiercially available from a number of sources. In the case where

a polypeptide of the invention is fiised to a His, GST, or protein A/G tag,

immunoprecipitation may be carried out using the appropriate affinity resin (e.g., beads

fimctionalized with Ni, glutathione, Fc region of IgG, etc.). Test compovinds which

modulate a protein-protein interaction involving a polypeptide of the invention may be

20 identified by carrying out the itnmunoprecipitation reaction in the presence and absence of

the test agent and comparing the level and/or activity of the protein complex between the

two reactions.

In another embodiment, proteins that interact with a polypeptide of the invention

may be identified using affinity chromatography. Some examples of such chromatography

25 are described in USSN 09/727,812, filed November 30, 2000, and the PCT Application

filed November 30, 2001 and entitled "Methods for Systematic Identification of Protein-

Protein Interactions and other Properties", which claims priority to such U.S. appUcation.

In one aspect, for affinity chromatography using a solid support, a polypeptide of

the invention or a fragment thereofmay be attached by a variety of means known to those

30 of skill in the art. For example, the polypeptide may be coupled directly (through a

covalent linkage) to commercially available pre-activated resins as described in Formosa et

al.. Methods in Enzymology 1991, 208, 24-45; Sopta et al, J. Biol. Chem. 1985, 260,

10353-60; Archambault et al., Proc. NatL Acad. Sci. USA 1997, 94, 14300-5.
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Alternatively, the polypeptide may be tethered to the solid support through high affinity

binding interactions. If the polypeptide is expressed fused to a tag, such as GST, the fusion

tag can be used to anchor the polypeptide to the matrix support, for example Sepharose

beads containing immobilized glutathione. Solid supports that take advantage of these tags

are commercially available.

In another aspect, the support to which a polypeptide may be immobilized is a

soluble support, which may facilitate certain steps performed in the methods of the present

invention. For example, the soluble support may be soluble in the conditions employed to

create a binding interaction between a target and the polypeptide, and then used under

conditions in which it is a solid for elution of the proteins or other biological materials that

bind to a polypeptide.

The concentration of the coupled polypeptide may have an affect on the sensitivity

of the method. In certain embodiments, to detect interactions most efficiently, the

concentration of the polypeptide boimd to the matrix should be at least 10-fold higher than

the Kd of the interaction. Thus, the concentration of the polypeptide bound to the matrix

should be highest for the detection of the weakest protein-protein interactions. However, if

the concentration of the immobilized polypeptide is not as high as may be ideal, it may still

be possible to observe protein-protein interactions of interest by, for example, increasing

the concentration of the polypeptide or other moiety that interacts with the coupled

polypeptide. The level of detection will of course vary with each different polypeptide,

interactor, conditions of the assay, etc. In certain instances, the interacting protein binds to

the polypeptide with a K<j of about 10"^M to about 10"^M or 10'^^ M.

In another aspect, the coupling may be done at various ratios of the polypeptide to

the resin. An upper limit of the protein : resin ratio may be determined by the isoelectric

point and the ionic nature of the protein, although it may be possible to achieve higher

polypeptide concentrations by use ofvarious methods.

In certain embodiments, several concentrations of the polypeptide immobilized on a

solid or soluble support may be used. One advantage of using multiple concentrations,

although not a requirement, is that one may be able to obtain an estimate for the strength of

the protein-protein interaction that is observed in the affinity chromatography experiment.

Another advantage of using multiple concentrations is that a binding curve which has the

proper shape may indicate that the interaction tha-t is observed is biologically important

rather than a spurious interaction with denatured protein.
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In one example of such an embodiment, a series of columns may be prepared with

varying concentrations of polypeptide (mg polypeptide/ml resin volume). The number of

colvimns employed may be between 2 to 8, 10, 12, 15, 25 or more, each with a different

concentration of attached polypeptide. Larger numbers of columns may be used if

appropriate for the polypeptide being examined, and multiple columns may be used with

the same concentration as any methods may require. In certain embodiments, 4 to 6

columns are prepared with varying concentrations of polypeptide. In another aspect of this

embodiment, two control columns may be prepared: one that contains no polypeptide and a

second that contains the highest concentration of polypeptide but is not treated with extract.

After elution of the columns and separation of the eluent components (by one of the

methods described below), it may be possible to distinguish the interacting proteins (if any)

jfrom the non-specific bound proteins as follows. The concentration of the interacting

proteins, as determined by the intensity of the band on the gel, will increase proportionally

to the increase in polypeptide concentration but will be missing from the second control

coliram. This allows for the identification ofimknown interacting proteins.

The method of the invention may be used for small-scale analysis. A variety of

column sizes, types, and geometries may be used. In addition, other vessel shapes and sizes

having a smaller scale than is usually foimd in laboratory experiments may be used as well,

mcluding a plurality of wells in a plate. For high throughput analysis, it is advantageous to

use small volumes, from about 20, 30, 50, 80 or 100 \xh Larger or small volumes may be

used, as necessary, and it may be possible to achieve high throughput analysis using them.

The entire affinity chromatography procedure may be automated by assembling the micro-

columns into an array (e.g. with 96 micro-colimm arrays).

A variety of materials may be used as the source ofpotential interacting proteins. In

one embodiment, a cellular extract or extracellular fluid may be used. The choice of

starting material for the extract may be based upon the cell or tissue type or type of fluid

that would be expected to contain proteias that interact with the target protein. Micro-

organisms or other organisms are grown in a medium that is appropriate for that organism

and can be grown in specific conditions to promote the expression of proteins that may

interact with the target protein. Exemplary starting material that may be used to make a

suitable extract are: 1) one or more types of tissue derived from an animal, plant, or other

multi-cellular organism, 2) cells grown in tissue culture that were derived from an animal or

human, plant or other source, 3) micro-organisms grown in suspension or non-suspension
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cultures, 4) virus-infected cells, 5) purified organelles (including, but not restricted to

nuclei, mitochondria, membranes, Golgi, endoplasmic reticulum, lysosomes, or

peroxisomes) prepared by differential centrifugation or another procedure from animal,

plant or other kinds of eukaryotic cells, 6) serum or other bodily fluids including, but not

limited to, blood, urine, semen, synovial fluid, cerebrospinal fluid, amniotic fluid,

lymphatic fluid or interstitial fluid. In other embodiments, a total cell extract may not be

the optimal source of interacting proteins. For example, if the Ugand is known to act in the

nucleus, a nuclear extract can provide a 10-fold enrichment of proteins that are likely to

interact with the ligand. In addition, proteins that are present in the extract in low

concentrations may be enriched using another chromatographic method to fractionate the

extract before screening various pools for an interacting protein.

Extracts are prepared by methods known to those of skill in the art. The extracts

may be prepared at a low temperature (e.g., 4**C) in order to retard denaturation or

degradation of proteins in the extract. The pH of the extract may be adjusted to be

appropriate for the body fluid or tissue, cellular, or organellar source that is used for the

procedure (e,g. pH 7-8 for cytosolic extracts from mammals, but low pH for lysosomal

extracts). The concentration of chaotropic or non-chaotropic salts in the extracting solution

may be adjusted so as to extract the appropriate sets ofproteins for the procedure. Glycerol

may be added to the extract, as it aids in maintaining the stability ofmany proteins and also

reduces background non-specific binding. Both the lysis buffer and column buffer may

contain protease inhibitors to minimize proteolytic degradation of proteins in the extract

and to protect the polypeptide. Appropriate co-factors that could potentially interact with

the interacting proteins may be added to the extracting solution. One or more nucleases or

another reagent may be added to the extract, if appropriate, to prevent protein-protein

interactions that are mediated by nucleic acids. Appropriate detergents or other agents may

be added to the solution, if desired, to extract membrane proteins from the cells or tissue. A

reducing agent (e.g. dithiothreitol or 2-mercaptoethanol or glutathione or other agent) may

be added. Trace metals or a chelating agent may be added, if desired, to the extracting

solution.

Usually, the extract is centriftiged in a centrifuge or ultracentrifuge or filtered to

provide a clarified supematant solution. This supernatant solution may be dialyzed using

dialysis tubing, or another kind of device that is standard in the art, against a solution that is

similar to, but may not be identical with, the solution that was used to make the extract.
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The extract is clarified by centrifugation or filtration again immediately prior to its use in

affinity chromatography.

In some cases, the crude lysate will contain small molecules that can interfere with

the affinity chromatography. This can be remedied by precipitating proteins with

ammonium sulfate, centrifugation of the precipitate, and re-suspending the proteins in the

affmity column buffer followed by dialysis. An additional centrifugation of the sample

may be needed to remove any particulate matter prior to application to the affinity columns.

The amount of cell extract applied to the colunm may be important for any

embodiment. If too little extract is appUed to the column and the interacting protein is

present at low concentration, the level of interacting protein retained by the column may be

difficult to detect. Conversely, if too much extract is apphed to the column, protein may

precipitate on the colunm or competition by abundant interacting proteins for the limited

amoimt ofprotein ligand may result in a difficulty in detecting minor species.

The columns fimctionaUzed with a polypeptide of the invention are loaded with

protein extract fi-om an appropriate source that has been dialyzed against a buffer that is

consistent with the nature of the expected interaction. The pH, salt concentrations and the

presence or absence of reducing and chelating agents, trace metals, detergents, and co-

factors may be adjusted according to the nature of the expected interaction. Most

commonly, the pH and the ionic strengtibi are chosen so as to be close to physiological for

the source of the extract. The extract is most commonly loaded under gravity onto the

columns at a flow rate of about 4-6 column volumes per hour, but this flow rate can be

adjusted for particular circumstances in an automated procedure.

The volmne of the extract that is loaded on the columns can be varied but is most

cormnonly eqmvalent to about 5 to 10 colxmm volumes. When large volumes of extract are

loaded on the colunms, there is often an improvement in the signal-to-noise ratio because

more protein fi-om the extract is available to bind to the protein Ugand, whereas the

background binding of proteins firom the extract to tiie solid support saturates with low

amoimts of extract.

A control column may be included that contains the highest concentration of protein

hgand, but buffer rather than extract is loaded onto this column. The elutions (eluates)

from this column will contain polypeptide that failed to be attached to the column in a

covalent maimer, but no proteins that are derived from the extract.
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The coliimns may be washed
^

with a buffer appropriate to the nature of the

interaction being analyzed, usually, but not necessarily, the same as the loading buffer. An

elution buffer with an appropriate pH, glycerol, aad the presence or absence of reducing

agent, chelating agent, cofactors, and detergents are all important considerations. The

5 columns may be washed with anywhere from about 5 to 20 column volumes of each wash

buffer to eliminate xmbound proteins from the natural extract. The flow rate of the wash is

usually adjusted to about 4 to 6 column volumes per hour by using gravity or an automated

procedure, but other flow rates are possible in specific circimistances.

In order to elute the proteins that have been retained by the colxram, the interactions

10 between the extract proteins and the column ligand should be dismpted. This is performed

by eluting the column with a solution of salt or detergent. Retention of activity by the

eluted proteins may require the presence of glycerol and a buffer of appropriate pH, as well

as proper choices of ionic strength and the presence or absence of appropriate reducing

agent, chelating agent, trace metals, cofactors, detergents, chaotropic agents, and other

15 reagents. If physical identification of the bound proteins is the objective, the elution may

be performed sequentially, first with buffer of high ionic strength and then with buffer

containing a protein denaturant, most commonly, but not restricted to sodium dodecyl

sulfate (SDS), urea, or guanidine hydrochloride. In certain instances, the colimm is eluted

with a protein denaturant, particularly SDS, for example as a 1% SDS solution. Using only

20 the SDS wash, and omitting the salt wash, may result in SDS-gels that have higher

resolution (sharper bands with less smearing). Also, using only the SDS wash results in

half as many samples to analyze. The volume of the eluting solution may be varied but is

normally about 2 to 4 column volumes. For 20 ml columns, the flow rate of the eluting

procedures are most commonly about 4 to 6 column volumes per hour, under gravity, but

25 can be varied in an automated procedure.

The proteins from the extract that were bound to and are eluted from the affinity

columns may be most easily resolved for identification by an electrophoresis procedure, but

this procedure may be modified, replaced by another suitable method, or omitted. Any of

the denaturing or non-denaturing electrophoresis procedures that are standard in the art may

30 be used for this purpose, including SDS-PAGE, gradient gels, capillary electrophoresis, and

two-dimensional gels with isoelectric focusing in the first dimension and SDS-PAGE in the

second. Typically, the individual components in the colxmm eluent are separated by

polyacrylamide gel electrophoresis.
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After electrophoresis, protein bands or spots may be visualized using any number of

methods know to those of skill in the art, including staining techniques such as Coomassie

blue or silver staining, or some other agent that is standard in the art. Alternatively,

autoradiography can be used for visualizing proteins isolated from organisms cultxured on

media containing a radioactive label, for example ^^SO/~ or ^^[S]methionine, that is

incorporated into the proteins. The use of radioactively labeled extract allows a distinction

to be made between extract proteins that were retained by the column and proteolj^ic

fragments ofthe ligand that may be released from the column.

Protein bands that are derived from the extract (i.e. it did not elute from the control

column that was not loaded with protein from the extract) and bound to an experimental

colunm that contained polypeptide covalently attached to the solid support, and did not bind

to a control column that did not contain any polypeptide, may be excised from the stained

electrophoretic gel and fiurfher characterized.

To identify the protein interactor by mass spectrometry, it may be desirable to

reduce the disulfide bonds of the protein followed by alkylation of the free thiols prior to

digestion of the protein with protease. The reduction may be performed by treatment of the

gel sUce with a reducing agent, for example with dithiothreitol, whereupon, the protein is

alkylated by treating the gel slice with a suitable alkylating agent, for example

iodoacetamide.

Prior to analysis by mass spectromjetry, the protein may be chemically or

enzymatically digested. The protein sample in the gel slice may be subjected to in-gel

digestion. Shevchenko A. et al., Mass Spectrometric Sequencing of Protems from Silver

Stained Polyacrylamide Gels. Analytical Chemistry 1996, 58, 850-858. One method of

digestion is by treatment with the enzyme trypsin. The resulting peptides are extracted

from the gel slice into a buffer.

The peptide fragments may be purified, for example by use of chromatography. A

solid support that differentially binds the peptides and not the other compounds derived

from the gel slice, the protease reaction or the peptide extract may be used. The peptides

may be eluted from the sohd support into a small volimie of a solution that is compatible

with mass spectrometry (e.g. 50% acetonitrile/0.1% trifluoroacetic acid).

The preparation of a protein sample from a gel shce that is suitable for mass

spectrometry may also be done by an automated procedure.
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Peptide samples derived from gel slices may be analyzed by any one of a variety of

techniques in mass spectrometry as farther described above. This technique may be used to

assign function to an unknown protein based upon the known function of the interacting

protein in the same or a homologous/orthologous organism.

5 Eluates from the affinity chromatography columns may also be analyzed directly

without resolution by electrophoretic methods, by proteolytic digestion with a protease in

solution, followed by applying the proteolytic digestion products to a reverse phase column

and eluting the peptides from the column.

In yet another embodiment, proteins that interact with a polypeptide ofthe invention

10 may be identified using an interaction trap assay (see also, U.S. Patent NO: 5,283,317;

Zervos et al (1993) Cell 72:223-232; Madura et al (1993) JBiol Chem 268:12046-12054;

Bartel et al (1993) Biotechniques 14:920-924; and Iwabuchi et al (1993) Oncogene

8:1693-1696).

In another embodiment, a method of the present invention makes use of chimeric

1 5 genes which express hybrid proteins. To illustrate, a first hybrid gene comprises the coding

sequence for a DNA-binding domain of a transcriptional activator fiised in frame to the

coding sequence for a "bait" protein, e.g., a polypeptide of the invention of sufficient length

to bind to a potential interacting protein. The second hybrid protein encodes a

transcriptional activation domain fiised in frame to a gene encoding a "fish" protein, e.g., a

20 potential interacting protein of sufficient length to interact with a polypeptide of the

invention portion of the bait fiision protein. If the bait and fish proteins are able to interact,

e.g., form a protein-protein interaction, they bring into close proximity the two domains of

the transcriptional activator. This proximity causes transcription of a reporter gene which is

operably linked to a transcriptional regulatory site responsive to the transcriptional

25 activator, and expression of the reporter gene can be detected and used to score for the

interaction ofthe bait and fish proteius.

In accordance with the present invention, the method includes providing a host cell,

typically a yeast cell, e.g., Kluyverei lactis, Schizosaccharomyces pombe^ Ustilago maydis,

Saccharomyces cerevisiae, Neurospora crassa, Aspergillus niger, Aspergillus nidulans,

30 Pichia pastoris, Candida tropicalis, and Hansenula polymorpha, though most preferably S

cerevisiae or iS^. pombe. The host cell contains a reporter gene having a binding site for the

DNA-binding domain of a transcriptional activator used in the bait protein, such that the

reporter gene expresses a detectable gene product when the gene is transcriptionally
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activated* The first chimeric gene may be present in a chromosome of the host cell, or as

part of an expression vector.

The host cell also contains a first chimeric gene which is capable of being expressed

in the host cell. The gene encodes a chimeric protein, which comprises (a) a DNA-binding

5 domain that recognizes the responsive element on the reporter gene in the host cell, and (b)

a bait protein (e.g., a polypeptide ofthe invention).

A second chimeric gene is also provided which is capable of being expressed in the

host cell, and encodes the "fish" fusion protein. In one embodiment, both the first and the

second chimeric genes are introduced into the host cell in the form of plasmids. Preferably,

10 however, the first chimeric gene is present in a chromosome of the host cell and the second

chimeric gene is introduced into the host cell as part of a plasmid.

The DNA-binding domain of the first hybrid protein and the transcriptional

activation domain of the second hybrid protein may be derived from transcriptional

activators having separable DNA-binding and transcriptional activation domains. For

15 instance, these separate DNA-binding and transcriptional activation domains are known to

be found in the yeast GAL4 protein, and are known to be found in the yeast GCN4 and

ADRl proteins. Many other proteins involved in transcription also have separable binding

and transcriptional activation domains which make them useful for the present invention,

and include, for example, the LexA and VP16 proteins. It will be understood that other

20 (substantially) transcriptionally-inert DNA-binding domains may be used in the subject

constmcts; such as domains of ACEl, A,cl, lac repressor, jxm or fos. In another

embodiment, the DNA-binding domain and the transcriptional activation domain may be

from different proteins. The use of a LexA DNA binding domain provides certain

advantages. For example, m yeast, the LexA moiety contains no activation function and

25 has no known affect on transcription of yeast genes. In addition, use of LexA aUows

control over the sensitivity of the assay to the level of interaction (see, for example, the

Brent et al PCT publication WO94/10300).

In certain embodiments, any enzymatic activity associated with the bait or fish

proteins is inactivated, e.g., dominant negative or other mutants of a protein-protein

30 interaction component can be used.

Continuing with the illustrative example, a polypeptide of the invention-mediated

interaction, if any, between the bait and fish fusion proteins in the host cell, causes the

activation domain to activate transcription of the reporter gene. The method is carried out
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by introducing the first chimeric gene and the second chimeric gene into the host cell, and

subjecting that cell to conditions under which the bait and fish fusion proteins and are

expressed in sufficient quantity for the reporter gene to be activated. The formation of a

protein complex containing a polypeptide of the invention results in a detectable signal

5 produced by the expression ofthe reporter gene.

In still further embodiments, the protein-protein interaction of interest is generated

in whole cells, taking advantage of cell culture techniques to support the subject assay. For

example, the protein-protein interaction of interest can be constituted in a prokaryotic or

eukaryotic cell culture system. Advantages to generating the protein complex in an intact

10 cell includes the ability to screen for inhibitors of the level or activity of the complex which

are functional in an environment more closely approximating that which therapeutic use of

the inhibitor would require, including the ability of the agent to gain entry into the cell.

Furthermore, certain of the in vivo embodiments of the assay are amenable to high through-

put analysis of candidate agents.

15 The components of the protein complex comprising a polypeptide of the invention

can be endogenous to the cell selected to support the assay. Alternatively, some or all of

the components can be derived from exogenous sources. For instance, fusion proteins can

be introduced into the cell by recombinant techniques (such as through the use of an

expression vector), as well as by microinjecting the fusion protein itself or mRNA encoding

20 the fusion protein. Moreover, in the whole cell embodiments of the subject assay, the

reporter gene construct can provide, upon expression, a selectable marker. Such

embodiments of the subject assay are particularly amenable to high through-put analysis in

that proliferation of the cell can provide a simple measure ofthe protein-protein interaction.

The amoimt of transcription from the reporter gene may be measured using any

25 method known to those of skill in the art to be suitable. For example, specific mRNA
expression may be detected using Northem blots or specific protein product may be

identified by a characteristic stain, western blots or an intrinsic activity. In certain

embodiments, the product of the reporter gene is detected by an intrinsic activity associated

with that product. For instance, the reporter gene may encode a gene product that, by

3d enzymatic activity, gives rise to a detection signal based on color, fluorescence, or

luminescence.

The interaction trap assay of the invention may also be used to identify test agents

capable of modulating formation of a complex comprising a polypeptide of the invention.
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In general, the amoimt of expression from the reporter gene in the presence of the test

compound is compared to the amount of expression in the same cell in the absence of the

test compound. Altematively, the amoxmt of expression from the reporter gene in the

presence of the test compoimd may be compared with the amount of transcription in a

5 substantially identical cell that lacks a component of the protein-protein interaction

involving a polypeptide of the invention.

7. Antibodies

Another aspect of the invention pertains to antibodies specifically reactive with a

10 polypeptide of the invention. For example, by using peptides based on a polypeptide of the

invention, e.g., having a subject amino acid sequence or an immxmogenic fragment thereof,

antisera or monoclonal antibodies may be made using standard methods. An exemplary

immunogenic fragment may contain eight, ten or more consecutive amino acid residues of a

subject amino acid sequence. Certain fragments that are predicted to be immunogenic for

15 the subject amino acid sequences (predicted) are set forth in the Tables contained in the

Figures.

The term "antibody" as used herein is intended to include fragments thereof which

are also specifically reactive with a polypeptide of the invention. Antibodies can be

fragmented using conventional techniques and the fragments screened for utility in the

20 same maimer as is suitable for whole antibodies. For example, F(ab')2 fragments can be

generated by treating antibody with pepsin. The resulting F(ab')2 fragment can be treated

to reduce disulfide bridges to produce Fab' fragments. The antibody of the present

invention is ftirther intended to include bispecific and chimeric molecules, as well as single

chain (scFv) antibodies. Also within the scope of the invention are trhneric antibodies,

25 humanized antibodies, human antibodies, and single chain antibodies. All of these

modified forms of antibodies as well as fragments of antibodies are intended to be included

in the term "antibody".

In one aspect, the present invention contemplates a purified antibody that binds

specifically to a polypeptide of the invention and which does not substantially cross-react

30 with a protein which is less than about 80%, or less than about 90%, identical to a subject

amino acid sequence. In another aspect, the present invention contemplates an array

comprising a substrate having a plurality of address, wherein at least one of the addresses
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has disposed thereon a piirified antibody that binds specifically to a polypeptide of the

invention.

Antibodies may be eUcited by methods known in the art. For example, a mammal

such as a mouse, a hamster or rabbit may be immunized with an immxinogenic form of a

5 polypeptide of the invention (e.g., an antigenic fragment which is capable of eUciting an

antibody response). Altematively, irmmmization may occur by using a nucleic acid of the

acid, which presumably in vivo expresses the polypeptide of the invention giving rise to the

immunogenic response observed. Techniques for conferring inmaunogenicity on a protein

or peptide include conjugation to carriers or other techniques well known in the art. For

10 instance, a peptidyl portion of a polypeptide of the invention may be administered in the

presence of adjuvant. The progress of immunization may be monitored by detection of

antibody titers in plasma or serum* Standard ELISA or other immunoassays may be used

with the immunogen as antigen to assess the levels of antibodies.

Following immunization, antisera reactive with a polypeptide of the invention may

15 be obtained and, if desired, polyclonal antibodies isolated from the serum. To produce

monoclonal antibodies, antibody producing cells (lymphocytes) may be harvested from an

immimized animal and fused by standard somatic cell ftision procedures with inrmortalizing

cells such as myeloma cells to yield hybridoma cells. Such techniques are well known in

the art, and include, for example, the hybridoma technique (originally developed by Kohler

20 and Milstein, (1975) Nature^ 256: 495-497), as the human B cell hybridoma technique

(Kozbar et al., (1983) Immunology Today^ 4: 72), and the EBV-hybridoma technique to

produce human monoclonal antibodies (Cole et al., (1985) Monoclonal Antibodies and

Cancer Therapy^ Alan R. Liss, Inc. pp. 77-96). Hybridoma cells can be screened

immunochemically for production of antibodies specifically reactive with the polypeptides

25 of the invention and the monoclonal antibodies isolated.

Antibodies directed against the polypeptides of the invention can be used to

selectively block the action of the polypeptides of the invention. Antibodies against a

polypeptide of the invention may be employed to treat infections, particularly bacterial

infections and diseases. For example, the present invention contemplates a method for

30 treating a subject suffering from a disease or disorder arising from a pathogenic species,

comprising adoiirdstering to an animal having the pathogen related condition a

therapeutically effective amount of a purified antibody that binds specifically to a

polypeptide of the invention from such pathogenic species. In another example, the present
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invention contemplates a method for inhibiting growth or infectivity of a pathogenic

species, comprising contacting such species with a purified antibody that binds specifically

to a polypeptide of the invention from such species.

In one embodiment, antibodies reactive with a polypeptide of the invention are used

in the immunological screening of cDNA libraries constructed in expression vectors, such

as Xgtll, Xgtl8-23, ^ZAP, and A,ORF8. Messenger libraries of this type, having coding

sequences inserted in the correct reading frame and orientation, can produce fusion

proteins. For instance, ^gtl 1 will produce fusion proteins whose amino termini consist of

B-galactosidase amino acid sequences and whose carboxy termini consist of a foreign

polypeptide. Antigenic epitopes of a polypeptide of the invention can then be detected with

antibodies, as, for example, reacting nitrocellulose filters Ufted from phage infected

bacterial plates with an antibody specific for a polypeptide of the invention. Phage scored

by this assay can then be isolated from the infected plate. Thus, homologs of a polypeptide

of the invention can be detected and cloned from other sources.

Antibodies may be employed to isolate or to identify clones expressing the

polypeptides to purify the polypeptides by affinity chromatography.

In other embodiments, the polypeptides of the invention may be modified so as to

increase their immunogenicity. For example, a polypeptide, such as an antigenically or

iirnnmologically equivalent derivative, may be associated, for example by conjugation,

with an immimogenic carrier protein for example bovine serum albumin (BSA) or keyhole

limpet haemocyanin (KLH). Alternatively a multiple antigenic peptide comprising multiple

copies of the protein or polypeptide, or an antigenically or immimologically equivalent

polypeptide thereof may be sufficiently antigenic to improve immunogenicity so as to

obviate the use of a carrier.

In other embodiments, the antibodies of the invention, or variants thereof, are

modified to make them less immunogenic when administered to a subject. For example, if

the subject is human, the antibody may be "humanized"; where the complimentarity

determining region(s) of the hybridoma-derived antibody has been transplanted into a

human monoclonal antibody, for example as described in Jones, P. et al. (1986), Nature

321, 522-525 or Tempest et al. (1991) Biotechnology 9, 266-273. Also, transgenic mice, or

other mammals, may be used to express humanized antibodies. Such humanization may be

partial or complete.
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The use of a nucleic acid of the invention in genetic immunization may employ a

suitable delivery method such as direct injection of plasmid DNA into muscles (Wolff et

aL, Hum Mol Genet 1992, 1:363, Manthorpe et aL, Hum. Gene Ther. 1963:4, 419), delivery

of DNA complexed with specific protein carriers (Wu et al., J Biol Chem. 1989:

264,16985), coprecipitation ofDNA with calcium phosphate (Benvenisty & Reshef, PNAS

USA, 1986:83,9551), encapsulation ofDNA in various forms of liposomes (Kaneda et al..

Science 1989:243,375), particle bombardment (Tang et al.. Nature 1992, 356:152,

Eisenbraun et al., DNA Cell Biol 1993, 12:791) and in vivo infection using cloned retroviral

vectors (Seeger et aL, PNAS USA 1984:81,5849).

8, Diagnostic Assays

The invention further provides a method for detecting the presence of a pathogenic

species in a biological sample. Detection of a pathogenic species in a subject, particularly a

mammal, and especially a human, will provide a diagnostic method for diagnosis of a

disease or disorder related to such species. In general, the method involves contacting the

biological sample with a compoxmd or an agent capable of detecting a polypeptide of the

invention or a nucleic acid of the invention. The term "biological sample" when used in

reference to a diagnostic assay is intended to include tissues, cells and biological fluids

isolated from a subject, as well as tissues, cells and fluids present within a subject.

The detection method of the invention may be used to detect the presence of a

pathogenic species in a biological sample in vitro as well as in vivo. For example, in vitro

techniques for detection of a nucleic acid of the invention include Northem hybridizations

and in situ hybridizations. In vitro techniques for detection of polypeptides ofthe invention

include enzyme linked immunosorbent assays (ELISAs), Westem blots,

immunoprecipitations, immunofluorescence, radioimmunoassays and competitive binding

assays. Alternatively, polypeptides of the invention can be detected in vivo in a subject by

introducing into the subject a labeled antibody specific for a polypeptide of the invention.

For example, the antibody can be labeled with a radioactive marker whose presence and

location in a subject can be detected by standard imaging techniques. It may be possible to

use all of the diagnostic methods disclosed herein for pathogens in addition to the

pathogenic speices of origin for any specific polypeptide ofthe invention.

Nucleic acids for diagnosis may be obtained from an infected individual's cells and

tissues, such as bone, blood, muscle, cartilage, and skin. Nucleic acids, e.g., DNA and
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RNA, may be used directly for detection or may be amplified, e.g., enzymatically by using

PGR or other amplification technique, prior to analysis. Using amplification,

characterization of the species and strain of prokaryote present in an individual, may be

made by an analysis of the genotype of the prokaryote gene. Deletions and insertions can

5 be detected by a chaage in size of the amphfied product in comparison to the genotype of a

reference sequence. Point mutations can be identified by hybridizing a nucleic acid, e.g.,

amplified DNA, to a nucleic acid of the invention, which nucleic acid may be labeled.

Perfectly matched sequences can be distinguished from mismatched duplexes by RNase

digestion or by differences in melting temperatures. DNA sequence differences may also

10 be detected by alterations in the electrophoretic mobility of the DNA firagments in gels,

with or without denaturing agents, or by direct DNA sequencing. See, e.g. Myers et al..

Science, 230: 1242 (1985). Sequence changes at specific locations also may be revealed by

nuclease protection assays, such as RNase and SI protection or a chemical cleavage

method. See, e.g.. Cotton et al., Proc. Natl. Acad. Sci., USA, 85: 4397-4401 (1985).

15 Agents for detecting a nucleic acid of the invention, e.g., comprising the sequence

set forth in a subject nucleic acid sequence, include labeled or labelable nucleic acid probes

capable of hybridizing to a nucleic acid of the invention. The nucleic acid probe can

comprise, for example, the fiill length sequence of a nucleic acid of the invention, or an

equivalent thereof, or a portion thereof, such as an oligonucleotide of at least 15, 30, 50,

20 100, 250 or 500 nucleotides in length and sufficient to specifically hybridize under stringent

conditions to a subject nucleic acid sequence, or the complement thereof Agents for

detecting a polypeptide of the invention, e.g., comprising an amino acid sequence of a

subject amino acid sequence, include labeled or labelable antibodies capable of binding to a

polypeptide of the invention. Antibodies may be polyclonal, or altematively, monoclonal.

25 An intact antibody, or a firagment thereof (e.g.. Fab or F(ab')2) can be used. Labeling the

probe or antibody also encompasses direct labeling of the probe or antibody by coupling

(e.g., physically linkiag) a detectable substance to the probe or antibody, as well as indirect

labeling of the probe or antibody by reactivity with another reagent that is directly labeled.

Examples of indirect labeling Laclude detection of a primary antibody using a fluorescently

30 labeled secondary antibody and end-labeling of a DNA probe with biotin such that it can be

detected with fluorescently labeled streptavidin.

In certain embodiments, detection of a nucleic acid of the invention in a biological

sample involves the use of a probe/primer in a polymerase chain reaction (PGR) (see, e.g.
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U.S. Pat. Nos. 4,683,195 and 4,683,202), such as anchor PGR or RACE PGR, or,

alternatively, in a ligation chain reaction (LGR) (see, e.g., Landegran et al. (1988) Science

241:1077-1080; and Nakazawa et al. (1994) PNAS 91:360-364), the latter of which can be

particularly useful for distinguishing between orthologs of polynucleotides of the invention

5 (see Abravaya et aL (1995) Nucleic Acids Res. 23:675-682). This method caa include the

steps of collecting a sample of cells from a patient, isolating nucleic acid (e.g., genomic,

mRNA or both) from the cells of the sample, contacting the nucleic acid sample with one or

more primers which specifically hybridize to a nucleic acid of the invention imder

conditions such that hybridization and amplification of the polynucleotide (if present)

10 occurs, and detecting the presence or absence of an amplification product, or detecting the

size of the amplification product and comparing the length to a control sample.

In one aspect, the present invention contemplates a method for detecting the

presence of a pathogenic species in a sample, the method comprising: (a) providing a

sample to be tested for the presence of such pathogenic species; (b) contacting the sample

15 with an antibody reactive against eight consecutive amino acid residues of a subject amino

acid sequence from such species under conditions which permit association between the

antibody and its ligand; and (c) detecting interaction of the antibody with its ligand, thereby

detecting the presence of such species in the sample.

In another aspect, the present invention contemplates a method for detecting the

20 presence of a pathogenic species in a sample, the method comprising: (a) providing a

sample to be tested for the presence of such pathogenic speices; (b) contacting the sample

with an antibody that binds specifically to a polypeptide of the invention from such species

xmder conditions which permit association between the antibody and its ligand; and

(c) detecting interaction of the antibody with its ligand, thereby detecting the presence of

25 such species in the sample.

In yet another example, the present invention contemplates a method for diagnosing

a patient suffering from a disease or disorder of a pathogenic species, comprising:

(a) obtaining a biological sample from a patient; (b) detecting the presence or absence of a

polypeptide of the invention, or a nucleic acid encoding a polypeptide of the invention, in

30 the sample; and (c) diagnosing a patient suffering from such a disease or disorder based on

the presence of a polypeptide of the invention, or a nucleic acid encoding a polypeptide of

the invention, in the patient sample.
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The diagnostic assays of the invention may also be used to monitor the effectiveness

of a anti-pathogenic treatment in an individual suffering from a disease or disorder of such

pathogen. For example, the presence and/or amount of a nucleic acid of the invention or a

polypeptide of the invention can be detected in an individual suffering from a disease or

5 disorder related to a pathogen before and after treatment with an anti-pathogen therapeutic

agent. Any change in the level of a polynucleotide or polypeptide of the invention after

treatment of the individual with the therapeutic agent can provide information about the

effectiveness of the treatment course. In particular, no change, or a decrease, in the level of

a polynucleotide or polypeptide of the invention present in the biological sample will

10 indicate that the therapeutic is successftilly combating such disease or disorder.

The invention also encompasses kits for detecting the presence of a pathogen in a

biological sample. For example, the kit can comprise a labeled or labelable compound or

agent capable of detecting a polynucleotide or polypeptide of the invention in a biological

sample; means for determining the amount of a pathogen in the sample; and means for

15 comparing the amount of a pathogen in the sample with a standard. The compound or

agent can be packaged in a suitable container. The kit can ftirther comprise instructions for

using the kit to detect a polynucleotide or polypeptide ofthe invention.

ft

9. Drug Discovery

20 Modulators to polypeptides of the invention and other structurally related

molecules, and complexes containing the same, may be identified and developed as set

forth below and otherwise using techniques and methods known to those of skill in the art.

The modulators ofthe invention may be employed, for instance, to inhibit and treat diseases

or conditions associated with the pathoghe of origin for any such polypeptide of the

25 invention.

A variety of methods for inhibiting the growth or infectivity of pathogens are

contemplated by the present invention. For example, exemplary methods involve

contacting a pathogen with a polypeptide of the invention which modulates the same or

another polypeptide from such pathogen, a nucleic acid encoding such polypeptide of the

30 invention, or a compoimd thought or shown to be effective against such pathogen.

For example, in one aspect, the present invention contemplates a method for treating

a patient sxiffering from an infection of a pathognic species, comprising administering to the

patient an inhibitor of a subject amino acid sequence from such species in an amount
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effective to inhibit the expression and/or activity of a polypeptide of the invention. In

certain instances, the animal is a human or a livestock animal such as a cow, pig, goat or

sheep. The present invention further contemplates a method for treating a subject suffering

from a disease or disorder of a pathogen, comprising administering to an animal having the

condition a therapeutically effective amount of a molecule identified using one of the

methods of the present invention.

The present invention contemplates making any molecule that is shown to modulate

the activity of a polypeptide of the invention.

In another embodiment, inhibitors, modulators of the subject polypeptides, or

biological complexes containing them, may be used in the manufacture of a medicament for

any number of uses, including, for example, treating any disease or other treatable condition

of a patient (including humans and animals).

(a) Drug Design

A number of techniques can be used to screen, identify, select and design chemical

entities capable of associating with polypeptides of the invention, structurally homologous

molecules, and other molecules. Knowledge of the structure for a polypeptide of the

invention, determined in accordance with.the methods described herein, peraiits the design

and/or identification of molecules and/or other modulators which have a shape

complementary to the conformation of a polypeptide of the invention, or more particularly,

a draggable region thereof. It is understood that such techniques and methods may use, in

addition to the exact structural coordinates and other information for a polypeptide of the

invention, structural equivalents thereof described above (including, for example, those

structural coordinates that are derived from the structural coordinates of amino acids

contained in a dmggable region as described above).

The term "chemical entity," as used herein, refers to chemical compounds,

complexes of two or more chemical compounds, and fragments of such compounds or

complexes. In certain instances, it is desirable to use chemical entities exhibiting a wide

range of structural and functional diversity, such as compounds exhibiting different shapes

(e.g., flat aromatic rings(s), puckered aliphatic rings(s), straight and branched chain

aliphatics with single, double, or triple bonds) and diverse functional groups (e.g.,

carboxylic acids, esters, ethers, amines, aldehydes, ketones, and various heterocyclic rings).

In one aspect, the method of dmg design generally includes computationally

evaluating the potential of a selected chemical entity to associate with any of the molecules
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or complexes of the present invention (or portions thereof). For example, this method may

include the steps of (a) employing computational means to perform a fitting operation

between the selected chemical entity and a druggable region of the molecule or complex;

and (b) analyzing the results of said fitting operation to quantify the association between the

5 chemical entity and the druggable region.

A chemical entity may be examined either through visual inspection or through the

use of computer modeling using a docking program such as GRAM, DOCK, or

AUTODOCK (Dunbrack et al., Folding & Design, 2:27-42 (1997)). This procedure can

include computer fitting of chemical entities to a target to ascertain how well the shape and

10 the chemical structure of each chemical entity will complement or interfere with the

structure of the subject polypeptide (Bugg et al., Scientific American, Dec: 92-98 (1993);

West et al., TIPS, 16:67-74 (1995)). Computer programs may also be employed to estimate

the attraction, repulsion, and steric hindrance of the chemical entity to a druggable region,

for example. Generally, the tighter the fit (e.g., the lower the steric hindrance, and/or the

15 greater the attractive force) the more potent the chemical entity will be because these

properties are consistent with a tighter binding constant. Fujrthermore, the more specificity

in the design of a chemical entity the more likely that the chemical entity will not interfere

with related proteins, which may minincdze potential side-effects due to unwanted

interactions.

20 A variety of computational methods for molecular design, in which the steric and

electronic properties of druggable regions are used to guide the design of chemical entities,

are known: Cohen et al. (1990) J, Med. Cam, 33: 883-894; Kuntz et al. (1982) J. MoL Biol

161:269-288; DesJarlais(1988) J. Mec/. Cam, 31: 722-729; Bartlettet al. (1989) i^t^ec. PmM,

Roy, Soc, Chem. 78: 182-196; Goodford et al. (1985) J. Med Cam. 28: 849-857; and

25 DesJarlais et al. J, Med. Cam. 29: 2149-2153. Directed methods generally fall into two

categories: (1) designby analogy in which 3-D structures ofknown chemical entities (such as

from a crystallographic database) are docked to the druggable region and scored for goodness-

of-fit; and (2) de novo design, in which the chemical entity is constructed piece-wise in the

druggable region. The chemical entity may be screened as part of a library or a database of

30 molecxxles. Databases which may be used include ACD (Molecular Designs Limited), NCI

(National Cancer Institute), CCDC (Cambridge Crystallographic Data Center), CAST

(Chemical Abstract Service), Derwent (Derwent Information Limited), Maybridge

(Maybridge Chemical Company Ltd), Aldrich (Aldrich Chemical Company), DOCK
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(University of California in San Francisco), and the Directory of Natural Products

(Chapman & Hall). Computer programs such as CONCORD (Tripos Associates) or DB-

Converter (Molecular Simulations Limited) can be used to convert a data set represented in

two dimensions to one represented in three dimensions.

5 Chemical entities may be tested for their capacity to fit spatially with a dmggable

region or other portion of a target protein. As used herein, the term "fits spatially" means

that the three-dimensional structure of the chemical entity is accommodated geometrically

by a dmggable region. A favorable geometric fit occurs when the sxirface area of the

chemical entity is in close proximity with the surface area of the dmggable region without

10 forming unfavorable interactions. A favorable complementary interaction occurs where the

chemical entity interacts by hydrophobic, aromatic, ionic, dipolar, or hydrogen donating

and accepting forces. Unfavorable interactions may be steric hindrance between atoms in

the chemical entity and atoms in the dmggable region.

If a model of the present invention is a computer model, the chemical entities may

15 be positioned in a dmggable region through computational docking. If, on the other hand,

the model of the present invention is a stmctural model, the chemical entities may be

positioned in the dmggable region by, for example, manual docking. As used herein the

term "docking" refers to a process of placing a chemical entity in close proximity with a

dmggable region, or a process of finding low energy conformations of a chemical

20 entity/dmggable region complex.

In an illustrative embodiment, the design of potential modulator begins firom the

general perspective of shape complimentary for the dmggable region of a polypeptide of

the invention, and a search algorithm is employed which is capable of scanning a database

of small molecules of known three-dimensional stmcture for chemical entities which fit

25 geometrically with the target dmggable region. Most algorithms of this type provide a

method for finding a wdde assortment of chemical entities that are complementaty to the

shape of a dmggable region of the subject polypeptide. Each of a set of chemical entities

from a particular data-base, such as the Cambridge Crystallographic Data Bank (CCDB)

(Allen et al. (1973) J. Chem. Doc, 13: 119), is individually docked to the dmggable region

30 of a polypeptide of the invention in a number of geometrically permissible orientations with

use of a docking algorithm. In certain embodiments, a set of computer algorithms called

DOCK, can be used to characterize the shape of invaginations and grooves that form the

active sites and recognition surfaces of the dmggable region (Kuntz et al. (1982) J, MoL
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Biol 161: 269-288). The program can also search a database of small molecules for

templates whose shapes are complementary to particular binding sites of a polypeptide of

the invention (DesJarlais et al. (1988) JMed Chem 31: 722-729).

The orientations are evaluated for goodness-of-fit and the best are kept for further

5 examination using molecular mechanics programs, such as AMBER or CHARMM. Such

algorithms have previouslyproven successful in finding a variety of chemical entities that are

complementaryin shape to a druggable region.

Goodford (1985, JMed Chem 28:849-857) and Boobbyer et al. (1989, JMed Chem

32:1083-1094) have produced a computer program (GRID) which seeks to determine regions

10 ofhigh affinity for different chemical groups (termed probes) of the druggable region. GRID

hence provides a tool for suggesting modifications to known chemical entities that might

enhance binding. It may be anticipated that some ofthe sites discernedby GRID as regions of

high affinity correspond to "pharmacophoric patterns" determined inferentially firom a series

ofknovm ligands. As used herein, a "pharmacophoric pattem" is a geometric arrangement of

15 features of chemical entities that is believed to be important for binding. Attempts have been

made to use pharmacophoricpatterns as a search screen for novel Ugands (Jakes et al. (1987)J

Mol Graph 5:41-48; Brint et al. (1987)JMo/ Graph 5:49-56; Jakes et al. (1986)JMo/ Graph

4:12-20).

Yet a further embodiment of the present invention utilizes a computer algorithm such

20 as CLIX which searches such databases as CCDB for chemical entities which can be oriented

with the druggable region in a way that is both sterically acceptable and has a high UkeUhood

of achieving favorable chemical interactions between the chemical entity and the surroimding

amino acid residues. The method is based on characterizing the region in terms of an

ensemble of favorable binding positions for different chemical groups and then searching for

25 orientations of the chemical entities that cause maximum spatial coincidence of individual

candidate chemical groups with members ofthe ensemble. The algorithmic details ofCLIX is

describedin Lawrence etal. {1992) Proteins 12:31-41.

In this way, the efficiency with which a chemical entity may bind to or interfere

with a druggable region may be tested and optimized by computational evaluation. For

30 example, for a favorable association with a druggable region, a chemical entity must

preferably demonstrate a relatively small difference in energy between its boimd and fine

states (i.e., a small deformation energy ofbinding). Thus, certain, more desirable chemical

entities will be designed with a deformation energy of binding of not greater than about 1

0
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kcal/mole, and more preferably, not greater than 7 kcal/mole. Chemical entities may

interact with a draggable region in more than one conformation that is similar in overall

binding energy. In those cases, the deformation energy of binding is taken to be the

difference between the energy of the free entity and the average energy of the

5 conformations observed when the chemical entity binds to the target.

In this way, the present invention provides computer-assisted methods for

identifying or designing a potential modulator of the activity of a polypeptide of the

invention including: supplying a computer modehng application with a set of structure

coordinates of a molecule or complex, the molecule or complex including at least a portion

10 of a druggable region from a polypeptide of the invention; supplying the computer

modeling application with a set of structure coordinates of a chemical entity; and

determining whether the chemical entity is expected to bind to the molecule or complex,

wherein binding to the molecule or complex is indicative of potential modulation of the

activity of a polypeptide of the invention.

15 In another aspect, the present invention provides a computer-assisted method for

identifying or designing a potential modulator to a polypeptide of the invention, supplying a

computer modeling appUcation with a set of structure coordinates of a molecule or

complex, the molecule or complex including at least a portion of a druggable region of a

polypeptide of the invention; supplying the computer modeling application with a set of

20 structure coordinates for a chemical entity; evaluating the potential binding interactions

between the chemical entity and active site of the molecule or molecular complex;

stmcturally modifying the chemical entity to yield a set of structure coordinates for a

modified chemical entity, and determining whether the modified chemical entity is

expected to bind to the molecule or complex, wherein binding to the molecule or complex

25 is indicative ofpotential modulation of the polypeptide of the invention.

In one embodiment, a potential modulator can be obtained by screening a peptide

library (Scott and Smith, Science, 249:386-390 (1990); Cwirla et al,, Proc. Natl. Acad. Sci.,

87:6378-6382 (1990); Devlin et aL, Science, 249:404-406 (1990)). A potential modulator

selected in this manner could then be systematically modified by computer modeling

30 programs until one or more promising potential drugs are identified. Such analysis has

been shown to be effective in the development of HIV protease inhibitors (Lam et al.,

Science 263:380-384 (1994); Wlodawer et al., Ann. Rev. Biochem. 62:543-585 (1993);

Appelt, Perspectives in Drug Discovery and Design 1:23-48 (1993); Erickson, Perspectives
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in Drug Discovery and Design 1:109-128 (1993)). Alternatively a potential modulator may

be selected from a library of chemicals such as those that can be licensed from third parties,

such as chemical and pharmaceutical companies. A third altemative is to synthesize the

potential modulator de novo.

For example, in certain embodiments, the present invention provides a method for

making a potential modulator for a polypeptide of the invention, the method including

synthesizing a chemical entity or a molecule containing the chemical entity to yield a

potential modulator of a polypeptide of the invention, the chemical entity having been

identified during a computer-assisted process including supplying a computer modeling

application v^th a set of structure coordinates of a molecule or complex, the molecule or

complex including at least one druggable region from a polypeptide of the invention;

supplying the computer modeling application with a set of structure coordinates of a

chemical entity; and determining whether the chemical entity is expected to bind to the

molecule or complex at the active site, wherein binding to the molecule or complex is

indicative of potential modulation. This method may frirfher include the steps of evaluating

the potential binding interactions between the chemical entity and the active site of the

molecule or molecular complex and structurally modifying the chemical entity to yield a set

of structure coordinates for a modified chemical entity, which steps may be repeated one or

more times.

Once a potential modvilator is identified, it can then be tested in any standard assay

for the macromolecule depending of course on the macromolecule, including in high

throughput assays. Further refinements to the structure of the modulator will generally be

necessary and can be made by the successive iterations of any and/or all of the steps

provided by the particular screening assay, in particular ftirther stmctural analysis by e.g.,

^^NNMR relaxation rate determinations or x-ray crystallography with the modulator bound

to the subject polypeptide. These studies may be performed in conjunction with

biochemical assays.

Once identified, a potential modulator may be used as a model structure, and

analogs to the compound can be obtained. The analogs are then screened for their ability to

bind the subject polypeptide. An analog of the potential modulator might be chosen as a

modulator when it binds to the subject polypeptide with a higher binding affinity than the

predecessor modulator.
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In a related approach, iterative drug design is used to identify modulators of a target

protein. Iterative drug design is a method for optimizing associations between a protein and

a modulator by determining and evaluating the three dimensional structures of successive

sets of protein/modulator complexes. In iterative drug design, crystals of a series of

5 protein/modulator complexes are obtained and then the three-dimensional structures of each

complex is solved. Such an approach provides insight into the association between the
*

proteins and modulators of each complex. For example, this approach may be

accomplished by selecting modulators with inhibitory activity, obtaining crystals of this

new protein/modulator complex, solving the three dimensional structure of the complex,

10 and comparing the associations between the new protein/modulator complex and previously

solved protein/modulator complexes. By observing how changes in the modulator affected

the protein/modulator associations, these associations may be optimized.

In addition to designing and/or identifying a chemical entity to associate with a

druggable region, as described above, the same techniques and methods may be used to

15 design and/or identify chemicals entities that either associate, or do not associate, with

affinity regions, selectivity regions or undesired regions of protein targets. By such

methods, selectivity for one or a few targets, or altematively for multiple targets, from the

same species or from multiple species, can be achieved.

For example, a chemical entity may be designed and/or identified for which the

20 binding energy for one druggable region, e.g., an affinity region or selectivity region, is

more favorable than that for another region, e.g., an undesired region, by about 20%, 30%,

50% to about 60% or more. It may be the case that the difference is observed between

(a) more than two regions, (b) between different regions (selectivity, affinity or undesirable)

from the same target, (c) between regions of different targets, (d) between regions of

25 homologs from different species, or (e) between other combinations. Altematively, the

comparison may be made by reference to the Kd, usually the apparent Kd, of said chemical

entity with the two or more regions in question.

In another aspect, prospective modulators are screened for binding to two nearby

druggable regions on a target protein. For example, a modulator that binds a first region of

30 a target polypeptide does not bind a second nearby region. Binding to the second region

can be determined by monitoring changes in a different set of amide chemical shifts in

either the original screen or a second screen conducted in the presence of a modulator (or

potential modulator) for the first region. From an analysis of the chemical shift changes,
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the approximate location of a potential modulator for the second region is identified.

Optimization of the second modulator for binding to the region is then carried out by

screening structurally related compoxmds (e.g., analogs as described above). When

modulators for the first region and the second region are identified, their location and

5 orientation in the ternary complex can be determined experimentally. On the basis of this

structural information, a linked compoimd, e.g., a consolidated modulator, is synthesized in

which the modulator for the first region and the modulator for the second region are linked.

In certain embodiments, the two modulators are covalently linked to form a consolidated

modulator. This consolidated modulator may be tested to determine if it has a higher

10 binding affinity for the target than either of the two individual modulators. A consolidated

modulator is selected as a modulator when it has a higher binding affinity for the target than

either of the two modulators. Larger consolidated modulators can be constructed in an

analogous manner, e.g., linking three modulators which bind to three nearby regions on the

target to form a multilinked consolidated modulator that has an even higher affinity for the

1 5 target than the linked modulator. In this example, it is assumed that is desirable to have the

modulator bind to all the dmggable regions. However, it may be the case that binding to

certain of the dmggable regions is not desirable, so that the same techniques may be used to

identify modulators and consolidated modulators that show increased specificity based on

binding to at least one but not all druggable regions of a target.

20 The present invention provides a nimiber of methods that use dmg design as

described above. For example, in one aspect, the present invention contemplates a method

for designing a candidate compound for screening for inhibitors of a polypeptide of the

invention, the method comprising: (a) determining the three dimensional structure of a

crystallized polypeptide of the invention or a firagment thereof; and (b) designing a

25 candidate inhibitor based on the three dimensional structure of the crystallized polypeptide

or fragment.

In another aspect, the present invention contemplates a method for identifying a

potential inhibitor of a polypeptide of the invention, the method comprising: (a) providing

the three-dimensional coordinates of a polypeptide of the invention or a fragment thereof;

30 (b) identifying a druggable region of the polypeptide or fragment; and (c) selecting from a

database at least one compound that comprises three dimensional coordinates which

indicate that the compoimd may bind the druggable region; (d) wherein the selected

compound is a potential inhibitor of a polypeptide of the invention.
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In another aspect, the present invention contemplates a method for identifying a

potential modulator of a molecule comprising a druggable region similar to that of a subject

amino acid sequence, the method comprising: (a) using the atomic coordinates of amino

acid residues from a subject amino acid sequence, or a fragment thereof, ± a root mean

5 square deviation from the backbone atoms of the amino acids of not more than L5 A, to

generate a three-dimensional structure of a molecule comprising a subject amino acid

sequence-like druggable region; (b) employing the three dimensional structure to design or

select the potential modulator; (c) synthesizing the modulator; and (d) contacting the

modulator with the molecule to determine the ability of the modulator to interact with the

10 molecule.

In another aspect, the present invention contemplates an apparatus for detemiining

whether a compound is a potential inhibitor of a polypeptide having a subject amino acid

sequence, the apparatus comprising: (a) a memory that comprises: (i) the three dimensional

coordinates and identities of the atoms of a polypeptide of the invention or a fragment

15 thereof that form a druggable site; and (ii) executable instructions; and (b) a processor that

is capable of executing instructions to: (i) receive three-dimensional structural information

for a candidate compoxmd; (ii) determine if the three-dimensional structure of the candidate

compound is complementary to the structure of the interior of the druggable site; and (iii)

output the results of the determination.

20 In another aspect, the present invention contemplates a method for designing a

potential compound for the prevention or treatment of a pathogenic disease or disorder, the

method comprising: (a) providing the three dimensional structure of a crystallized

polypeptide of the invention, or a fragment thereof; (b) synthesizing a potential compound

for the prevention or treatment of such disease or disorder based on the three dimensional

25 stmcture of the crystallized polypeptide or fragment; (c) contacting a polypeptide of the

invention or such pathogenic species with the potential compound; and (d) assaying the

activity of a polypeptide of the invention, wherein a change in the activity of the

polypeptide indicates that the compound may be usefiil for prevention or treatment of such

disease or disorder.

30 In another aspect, the present invention contemplates a method for designing a

potential compound for the prevention or treatment of a pathogenic disease or disorder, the

method comprising: (a) providing structural information of a druggable region derived from

NMR spectroscopy of a polypeptide of the invention, or a fragment thereof;

-123-



wo 03/087353 PCT/CA03/00481

(b) synthesizing a potential compound for the prevention or treatment of such disease or

disorder based on the structural information; (c) contacting a polj^eptide of the invention

or such species with the potential compound; and (d) assaying the activity of a polypeptide

of the invention, wherein a change in the activity of the polypeptide indicates that the

compound may be useful for prevention or treatment of such disease or disorder.

(b) In Vitro Assays

Polypeptides of the invention may be used to assess the activity of small molecules

and other modulators in in vitro assays. In one embodiment of such an assay, agents are

identified which modulate the biological activity of a protein, protein-protein interaction of

interest or protein complex, such as an enzymatic activity, binding to other cellular

components, cellular compartmentalization, signal transduction, and the like. In certain

embodiments, the test agent is a small organic molecule.

Assays may employ kinetic or thermodynamic methodology using a wide variety of

techniques including, but not limited to, microcalorimetry, circular dichroism, capillary

zone electrophoresis, nuclear magnetic resonance spectroscopy, fluorescence spectroscopy,

and combinations thereof.

The invention also provides a method of screening compoimds to identify those

which modulate the action of polypeptides of the invention, or polynucleotides encoding

the same. The method of screening may involve high-throughput teclmiques. For example,

to screen for modulators, a synthetic reaction mix, a cellular compartment, such as a

membrane, cell envelope or cell wall, or a preparation of any thereof, comprising a

polypeptide of the invention and a labeled substrate or ligand of such polypeptide is

incubated in the absence or the presence of a candidate molecule that may be a modulator

of a polypeptide of the invention. The ability of the candidate molecule to modulate a

polypeptide of the invention is reflected in decreased binding of the labeled Ugand or

decreased production of product from such substrate. Detection of the rate or level of

production of product from substrate may be enhanced by using a reporter system.

Reporter systems that may be useful in this regard include but are not limited to

colorimetric labeled substrate converted into product, a reporter gene that is responsive to

changes in a nucleic acid of the invention or polypeptide activity, and binding assays

known in the art.

Another example of an assay for a modulator of a polypeptide of the invention is a

competitive assay that combines a polypeptide of the invention and a potential modulator
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with molecules that bind to a polypeptide of the invention, recombinant molecules that bind

to a polypeptide of the invention, natural substrates or hgaads, or substrate or ligand

mimetics, under appropriate conditions for a competitive inhibition assay. Polypeptides of

the invention can be labeled, such as by radioactivity or a colorimetric compound, such that

5 the number of molecules of a polypeptide of the invention bound to a binding molecule or

converted to product can be determined accurately to assess the effectiveness of the

potential modulator.

A number of methods for identifying a molecule which modulates the activity of a

polypeptide are known in the art. For example, in one such method, a subject polypeptide

10 is contacted with a test compound, and the activity of the subject polypeptide in the

presence of the test compoimd is determined, wherein a change in the activity ofthe subject

polypeptide is indicative that the test compoimd modulates the activity of the subject

polypeptide. In certain instances, the test compound agonizes the activity of the subject

polypeptide, and in other instances, the test compound antagonizes the activity of the

15 subject polypeptide.

In another example, a compound which modulates the growth or infectivity of a

pathogen may be identified by (a) contacting a polypeptide of the invention from such

pathogen with a test compoimd; and (b) determining the activity of the polypeptide in the

presence of the test compound, wherein a change in the activity of the polypeptide is

20 indicative that the test compound may modulate the growth or infectivity of such pathogen.

(c) In Vivo Assays

Animal models of bacterial infection and/or disease may be used as an in vivo assay

for evaluating the effectiveness of a potential drug target in treating or preventing diseases

or disorders. A number of suitable animal models are described briefly below, however,

25 these models are only examples and modifications, or completely different animal models,

may be used in accord with the methods of the invention.

(i) Mouse Soft Tissue Model

The mouse soft tissue infection model is a sensitive and effective method for

measurement of bacterial proliferation. In these models (Vogelman et al., 1988, J. Infect.

30 Dis. 157: 287-298) anesthetized mice are infected with the bacteria in the muscle of the

hind thigh. The mice can be either chemically immune compromised (e.g., Cytoxan treated

at 125 mg/kg on days -4, -2, and 0) or immunocompetent. The dose of microbe necessary

to cause an infection is variable and depends on the individual microbe, but commonly is on
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the order of 10^ - 10^ colony forming units per injection for bacteria. A variety of mouse

strains are useful in this model although Swiss Webster and DBA2 lines are most

commonly used. Once infected the animals are conscious and show no overt ill effects of

the infections for approximately 12 hours. After that time virulent strains cause swelling of

5 the thigh muscle, and the animals can become bacteremic within approximately 24 hours.

This model most effectively measures proliferation of the microbe, and this proliferation is

measured by sacrifice of the infected animal and counting colonies from homogenized

thighs.

(ii) Diffusion Chamber Model

10 A second model useful for assessing the virulence of microbes is the diffusion

chamber model (Malouin et al., 1990, Infect. Immun. 58: 1247-1253; Doy et al., 1980, J.

Infect. Dis. 2: 39-51; Kelly et al,, 1989, Infect. Lmnun. 57: 344-350. In this model rodents

have a diffusion chamber surgically placed in the peritoneal cavity. The chamber consists

of a polypropylene cyUnder with semipermeable membranes covering the chamber ends.

15 Diffusion of peritoneal flxiid into and out of the chamber provides nutrients for the

microbes. The progression of the "infection"' may be followed by examining growth, the

exoproduct production or RNA messages. The time experiments are done by sampling

multiple chambers,

(Hi) Endocarditis Model

20 For bacteria, an important animal model effective in assessing pathogenicity and

vimlence is the endocarditis model (J. Santoro and M, E. Levinson, 1978, Infect. Immxm.

19: 915-918). A rat endocarditis model can be used to assess colonization, vimlence and

proliferation.

(iv) Osteomyelitis Model

25 A fourth model useful in the evaluation of pathogenesis is the osteomyelitis model

(Spagnolo et al., 1993, Infect. Immun. 61: 5225-5230). Rabbits are used for these

experiments. Anesthetized animals have a small segment of the tibia removed and

microorganisms are microinjected into the woxmd. The excised bone segment is replaced

and the progression of the disease is monitored. Clinical signs, particularly inflammation

30 and swelling are monitored. Termination of the experiment allows histoUc and pathologic

examination of the infection site to complement the assessment procedure.

(v) Murine Septic Arthritis Model
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A fifth model relevant to the study of microbial pathogenesis is a murine septic

arthritis model (Abdelnour et aL, 1993, Infect. Immun, 61: 3879-3885). In this model mice

are infected intravenously and pathogenic organisms are found to cause inflammation in

distal limb joints. Monitoring of the inflammation and comparison of inflanmiation vs.

5 inocula allows assessment ofthe virulence of related strains.

(vi) Bacterial Peritonitis Model

Finally, bacterial peritonitis offers rapid and predictive data on the virulence of

strains (M. G. Bergeron, 1978, Scand. J. Infect Dis. Suppl. 14: 189-206; S. D. Davis, 1975,

Antimicrob. Agents Chemother. 8: 50-53). Peritonitis in rodents, such as mice, can provide

10 essential data on the importance of targets. The end point may be lethality or clinical signs

can be monitored. Variation in infection dose in comparison to outcome allows evaluation

ofthe virulence of individual strains.

A variety of other in vivo models are available and may be used when appropriate

for specific pathogens or specific test agents. For example, target organ recovery assays

15 (Gordee et al., 1984, J. Antibiotics 37:1054-1065; Bannatyne et aL, 1992, Infect 20:168-

170) may be useful for fungi and for bacterial pathogens which are not acutely virulent to

animals.

It is also relevant to note that the species of animal used for an infection model, and

the specific genetic make-up of that animal, may contribute to the effective evaluation of

20 the effects of a particular test agent. For example, immuno-incompetent animals may, in

some instances, be preferable to immxmo-competcnt animals. For example, the action of a

competent immune system may, to some degree, mask the effects of the test agent as

compared to a similar infection in an immuno-incompetent animal. In addition, many

opportunistic infections, in fact, occur in immuno-compromised patients, so modehng an

25 infection in a similar immunological environment is appropriate.

10, Vaccines

There are provided by the invention, products, compositions and methods for raising

immunological response against a pathogen, especially those pathogens of origin for the

30 polypeptides of the invention. In one aspect, a polypeptide of the invention or a nucleic

acid of the invention, or an antigenic fragment thereof, may be administered to a subject,

optionally with a booster, adjuvant, or other composition that stimulates immune responses.
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Another aspect of the invention relates to a method for inducing an immunological

response in an individual, particularly a mammal which comprises inoculating the

individual with a polypeptide of the invention and/or a nucleic acid of the invention,

adequate to produce antibody and/or T cell immune response to protect said individual from

5 infection, particularly bacterial infection. Also provided are methods whereby such

itnmimological response slows bacterial replication. Yet another aspect of the invention

relates to a method of inducing immunological response in an individual which comprises

delivering to such individual a nucleic acid vector, sequence or ribozyme to direct

expression of a polypeptide of the invention and/or a nucleic acid of the invention in vivo in

10 order to induce an immunological response, such as, to produce antibody and/or T cell

immime response, including, for example, cytokine-producing T cells or cytotoxic T cells,

to protect said individual, preferably a human, from disease, whether that disease is ahready

established within the individual or not. One example of administering the gene is by

accelerating it into the desired cells as a coating on particles or otherwise. Such nucleic

15 acid vector may comprise DNA, RNA, a ribozyme, a modified nucleic acid, a DNA/RNA
hybrid, a DNA-protein complex or an RNA-protein complex.

A further aspect ofthe invention relates to an immimological composition that when

introduced into an individual, preferably a human, capable of having induced within it an

immimological response, induces an immunological response in such individual to a nucleic

20 acid of the invention and/or a polypeptide encoded therefrom, wherein the composition

comprises a recombinant nucleic acid of the invention and/or polypeptide encoded

therefrom and/or comprises DNA and/or RNA which encodes and expresses an antigen of

said nucleic acid of the invention, polypeptide encoded therefrom, or other polypeptide of

the invention. The immunological resqponse may be used therapeutically or prophylactically

25 and may take the form of antibody immunity and/or cellular immunity, such as cellular

imatnunity arising from CTL or CD4+T cells.

In another embodiment, the invention relates to compositions comprising a

polypeptide of the invention and an adjuvant. The adjuvant can be any vehicle which

would typically enhance the antigenicity of a polypeptide, e.g., minerals (for instance, alum,

30 aluminum hydroxide or aluminum phosphate), saponins complexed to membrane protein

antigens (immune stimulating complexes), pluronic polymers with mineral oil, killed

mycobacteria in mineral oil, Frevind's complete adjuvant, bacterial products, such as

muramyl dipeptide (MDP) and lipopolysaccharide (LPS), as well as lipid A, liposomes, or
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any of the other adjuvants known in the art. A polypeptide of the invention can be

emulsified with, absorbed onto, or coupled with the adjuvant.

A polypeptide of the invention may be fused with co-protein or chemical moiety

which may or may not by itself produce antibodies, but which is capable of stabilizing the

5 first protein and producing a fused or modified protein which will have antigenic and/or

immunogenic properties, and preferably protective properties. Thus fused recombinant

protein, may further comprise an antigenic co-protein, such as lipoprotein D from

Hemophilus influenzae, Glutathione-S-transferase (GST) or beta-galactosidase, or any other

relatively large co-protein which solubihzes the protein and facilitates production and

10 purification thereof. Moreover, the co-protein may act as an adjuvant in the sense of

providing a generalized stimulation of the immune system of the organism receiving the

protein. The co-protein may be attached to either the amino- or carboxy-terminus of a

polypeptide ofthe invention.

Provided by this invention are compositions, particularly vaccine compositions, and

15 methods comprising the polypeptides and/or polynucleotides of the invention and

immunostimulatory DNA sequences, such as those described in Sato, Y. et al. Science 273

:

352 (1996).

Also, provided by this invention are methods using the described polynucleotide or

particular fragments thereof, which have been shovm to encode non-variable regions of

20 bacterial cell surface proteins, in polynucleotide constracts used in such genetic

immunization experiments in animal models of infection with a pathogen of interest. Such

experiments will be particularly usefiil for identifying protein epitopes able to provoke a

prophylactic or therapeutic immime response. It is believed that this approach will allow

for the subsequent preparation of monoclonal antibodies of particular value, derived firom

25 the requisite organ of the animal successfully resisting or clearing infection, for the

development of prophylactic agents or therapeutic treatments of bacterial infection in

mammals, particularly humans.

A polypeptide of the invention may be used as an antigen for vaccination of a host

to produce specific antibodies which protect against invasion of bacteria, for example by

30 blocking adherence ofbacteria to damaged tissue.

IL Array Analysis
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In part, the present invention is directed to the use of subject nucleic acids in arrays

to assess gene expression. In another part, the present invention is directed to the use of

subject nucleic acids in arrays for their pathogen of origin. In yet another part, the present

invention contemplates using the subject nucleic acids to interact with probes contained on

5 arrays.

In one aspect, the present invention contemplates an array comprising a substrate

having a plurality of addresses, wherein at least one of the addresses has disposed thereon a

capture probe that can specifically bind to a nucleic acid of the invention. In another

aspect, the present invention contemplates a method for detecting expression of a

10 nucleotide sequence which encodes a polypeptide of the invention, or a jfragment thereof,

using the foregoing array by: (a) providing a sample comprising at least one mRNA
molecule; (b) exposing the sample to the array imder conditions which promote

hybridization between the capture probe disposed on the array and a nucleic acid

complementary thereto; and (c) detecting hybridization between an mRNA molecule of the

15 sample and the capture probe disposed on the array, thereby detecting expression of a

sequence which encodes for a polypeptide of the invention, or a fragment thereof.

Arrays are often divided into microarrays and macroarrays, where microarrays have

a much higher density of individual probe species per area. Microarrays may have as many

as 1 000 or more different probes in a 1 cm^ area. There is no concrete cut-off to demarcate

20 the difference between micro- and macroarrays, and both types of arrays are contemplated

for use with the invention.

Microarrays are known in the art and generally consist of a surface to which probes

that correspond in sequence to gene products (e.g., cDNAs, mRNAs, oligonucleotides) are

bound at known positions. In one embodiment, the microarray is an array (e.g., a matrix) in

25 which each position represents a discrete binding site for a product encoded by a gene (e.g.,

a protein or RNA), and in which binding sites are present for products of most or almost all

of the genes in the organism's genome. In certain embodiments, the binding site or site is a

nucleic acid or nucleic acid analogue to which a particular cognate cDNA can specifically

hybridize. The nucleic acid or analogue of the binding site may be, e.g., a synthetic

30 oligomer, a full-length cDNA, a less-than full length cDNA, or a gene fragment.

Although in certain embodiments the microarray contains binding sites for products

of all or almost all genes in the target organism's genome, such comprehensiveness is not

necessarily required. Usually the microarray will have binding sites corresponding to at
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least 100, 500, 1000, 4000 genes or more. In certain embodiments, arrays will have

anywhere from about 50, 60, 70 , 80, 90, or even more than 95% of the genes of a particular

organism represented. The microarray typically has binding sites for genes relevant to

testing and confirming a biological network model of interest. Several exemplary human

5 microarrays are publicly available.

The probes to be affixed to the arrays are typically polynucleotides. These DNAs
can be obtained by, e.g., polymerase chain reaction (PGR) amplification of gene segments

from genomic DNA, cDNA (e.g., by RT-PCR), or cloned sequences. PGR primers are

chosen, based on the known sequence of the genes or cDNA, that result in amplification of

10 unique fragments (e.g., fragments that do not share more than 10 bases of contiguous

identical sequence with any other fragment on the microarray). Computer programs are

useftil in the design of primers with the required specificity and optimal amplification

properties. See, e.g., Oligo pi version 5.0 (National Biosciences). In an altemative

embodiment, the binding (hybridization) sites are made from plasmid or phage clones of

15 genes, cDNAs (e.g., expressed sequence tags), or inserts therefrom (Nguyen et aL, 1995,

Genomics 29:207-209).

A number of methods are known in the art for affixing the nucleic acids or

analogues to a sohd support tiiat makes up the array (Schena et al., 1995, Science 270:467-

470; DeRisi et al., 1996, Nature Genetics 14:457-460; Shalon et al., 1996, Genome Res.

20 6:639-645; and Schena et al., 1995, Proc. Natl. Acad. Sci. USA 93:10539-11286).

Another method for making microarrays is by making high-density ohgonucleotide

arrays (Fodor et al., 1991, Science 251:767-773; Pease et al., 1994, Proc. Natl. Acad. Sci.

USA 91:5022t5026; Lockhart et aL, 1996, Nature Biotech 14:1675; U.S. Pat. Nos.

5,578,832; 5,556,752; and 5,510,270; Blanchard et al., 1996, 11: 687-90).

25 Other methods for making microarrays, e.g., by masking (Maskos and Southern,

1992, Nuc. Acids Res. 20:1679-1684), may also be used. In principal, any type of array,

for example, dot blots on a nylon hybridization membrane (see Sambrook et al., Molecular

Cloning - A Laboratory Manual (2nd Ed.), Vol. 1-3, Cold Spring Harbor Laboratory, Cold

Spring Harbor, N.Y., 1989), could be used, although, as Avill be recognized by those of skill

30 in the art.

The nucleic acids to be contacted with the microarray may be prepared in a variety

ofways, and may include nucleotides ofthe subject invention. Such nucleic acids are often

labeled fluorescently. Nucleic acid hybridization and wash conditions are chosen so that

I,
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the population of labeled nucleic acids will specifically hybridize to appropriate,

complementary nucleic acids affixed to the matrix. Non-specific binding of the labeled

nucleic acids to the array can be decreased by treating the array with a large quantity of

non-specific DNA — a so-called "blocking" step.

5 When fluorescently labeled probes are used, the fluorescence emissions at each site

of a transcript array may be detected by scanning confocal laser microscopy. When two

fluorophores are used, a separate scan, using the appropriate excitation line, is carried out

for each of the two fluorophores used. Fluorescent microarray scanners are commercially

available fi-om Affymetrix, Packard BioChip Technologies, BioRobotics and many other

10 suppliers. Signals are recorded, quantitated and analyzed using a variety of computer

software.

According to the method of the invention, the relative abundance of an naKNA in

two cells or cell lines is scored as a perturbation and its magnitude determined (i.e., the

abundance is different in the two sources of mRNA tested), or as not perturbed (i.e., the

15 relative abundance is the same). As used herein, a difference between the two sources of

RNA of at least a factor of about 25% (EINA from one source is 25% more abimdant in one

source than the other source), more usually about 50%, even more often by a factor of about

2 (twice as abundant), 3 (three times as abundant) or 5 (five times as abundant) is scored as

a perturbation. Present detection methods allow reliable detection of difference of an order

20 of about 2-fold to about 5-fold, but more sensitive methods are expected to be developed.

In addition to identifying a perturbation as positive or negative, it is advantageous to

determine the magnitude of the perturbation. This can be carried out, as noted above, by

calculating the ratio of the emission of the two fluorophores used for differential labeling,

or by analogous methods that will be readily apparent to those of skill in the art.

25 In certain embodiments, the data obtained from such experiments reflects the

relative expression of each gene represented in the microarray. Expression levels in

different samples and conditions may now be compared using a variety of statistical

methods.

30 12. Pharmaceutical Compositions

Pharmaceutical compositions of this invention include any modulator identified

according to the present invention, or a pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable carrier, adjuvant, or vehicle. The term "pharmaceutically
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acceptable carrier" refers to a carrier(s) that is "acceptable" in the sense of being compatible

with the other ingredients of a composition and not deleterious to the recipient thereof.

Methods of making and using such pharmaceutical compositions are also included

in the invention. The pharmaceutical compositions of the invention can be administered

5 orally, parenterally, by inhalation spray, topically, rectally, nasally, buccally, vaginally, or

via an implanted reservoir. The term parenteral as used herein includes subcutaneous,

intracutaneous, intravenous, intramuscular, intra articular, intrasynovial, intrastemal,

intrathecal, intralesional, and intracranial injection or infusion techniques.

Dosage levels of between about 0.01 and about 100 mg/kg body weight per day,

10 preferably between about 0.5 and about 75 mg/kg body weight per day of the modulators

described herein are useful for the prevention and treatment of disease and conditions,

including diseases and conditions mediated by pathogenic speices of origin for the

polypeptides of the invention. The amount of active ingredient that may be combined with

the carrier materials to produce a single dosage form will vary depending upon the host

15 treated and the particular mode of adnaimstration. A typical preparation will contain from

about 5% to about 95% active compound (w/w). Altematively, such preparations contain

from about 20% to about 80% active compound.

13, Antimicrobial Agents

20 The polypeptides of the invention may be used to develop antimicrobial agents for

use in a wide variety of applications. The uses are as varied as surface disinfectants, topical

pharmaceuticals, personal hygiene applications (e.g., antimicrobial soap, deodorant or the

like), additives to cell culture mediimi, and systemic pharmaceutical products.

Antimicrobial agents of the invention may be incorporated into a wide variety of products

25 and used to treat an already existing microbial infection/contamination or may be used

prophylactically to suppress future infection/contamination.

The antimicrobial agents of the invention may be administered to a site, or potential

site, of infection/contamination in either a liquid or solid form. Altematively, the agent

may be applied as a coating to a surface of an object where microbial growth is undesirable

30 using nonspecific absorption or covalent attachment. For example, implants or devices

(such as linens, cloth, plastics, heart pacemakers, surgical stents, catheters, gastric tubes,

endotracheal tubes, prosthetic devices) can be coated with the antimicrobials to minimize

adherence or persistence of bacteria during storage and use. The antimicrobials may also
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be incorporated into such devices to provide slow release of the agent locally for several

weeks during healing. The antimicrobial agents may also be used in association with

devices such as ventilators, water reservoirs, air-conditioning units, filters, paints, or other

substances. Antimicrobials of the invention may also be given orally or systemically after

5 transplantation, bone replacement, during dental procedures, or during implantation to

prevent colonization with bacteria.

In another embodiment, antimicrobial agents of the invention may be used as a food

preservative or in treating food products to eliminate potential pathogens. The latter use

might be targeted to the fish and poultry industries that have serious problems with enteric

10 pathogens which cause severe human disease. In a further embodiment, the agents of the

invention may be used as antimicrobials for food crops, either as agents to reduce post

harvest spoilage or to enhance host resistance. The antimicrobials may also be used as

preservatives in processed foods either alone or in combination with antibacterial food

additives such as lysozymes.

15 In another embodiment, the antimicrobials of the invention may be used as an

additive to culture medium to prevent or eliminate infection of cultured cells with a

pathogen.

EXEMPLIFICATION

20 The invention now being generally described, it will be more readily understood by

reference to the following examples which are included merely for purposes of illustration

of certain aspects and embodiments of the present invention, and are not iatended to limit

the invention in any way.

EXAMPLE 1 Isolation and Cloning ofNucleic Acid

25 Staphylococcus aureus is a Gram-positive cocci that is implicated in a wide number

of skin infections, and is of particular concern in hospitals and other health institutions. The

high virulence of the organism and the ability of many strains to resist numerous anti-

microbial agents, presents difficult therapeutic issues. aureus polynucleotide sequences

were obtained fi*om The Institute of Genomic Research (TIGR) (Rockville, MD;

30 www.tigr.org). S, aureus genomic DNA is extracted fi-om a crushed cell pellet (strain

ColA) and subjected to 10% sucrose and 2% SDS in a 60°C water bath, followed by the

addition of 1 M NaCl for a 40 minute incubation on ice. Impurities, including RNA and

proteins, are removed by enzymatic degradation via RNAse and phenol-chloroform
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extractions, respectively. The DNA is then precipitated, washed with ethanol, and

quantified by UV absorption.

Escherichia coli is a rod shaped Gram-negative bacteria found ubiquitously in the

hirnian intestinal tract. When this bacteria spreads to sites outside the intestinal tract, it can

5 cause disease. It is responsible for three types of infections in humans: urinary tract

infections (UTI), neonatal meningitis, and intestinal diseases (gastroenteritis). E. coli

Polynucleotide sequences were obtained from NCBI at

ftp://ncbi.nlm.nih.gov/genbank/genomes/Bacteria/Escherichia coli K12/ . E. coli DNA is

extracted from a crushed cell pellet (strain K12) and subjected to 10% sucrose and 2% SDS

10 in a 60°C water bath, followed by the addition of 1 M NaCl for a 40 minute incubation on

ice. The impurities, including RNA and proteins were removed by enzymatic degradation

via RNAse, and phenol-chloroform extractions, respectively. The DNA was precipitated,

washed with ethanol, and quantified by UV absorption.

Streptococcus pneumoniae are paired, alpha-hemolytic, Gram-positive cocci. It is

15 the leading cause of bacterial pneumonia and it is also impUcated as a significant

pathogenic agent in the development of bronchial infections, sinusitis and meningitis. The

increasing prevalence of strains that are resistant to anti-microbial agents makes this an

even more deadly pathogen. Polynucleotide sequences were obtained from The Institute of

Genomic Research (TIGR) (Rockville, MD; www.tigr.org). DNA is extracted from a

20 crushed cell pellet and and subjected to 10% sucrose and 2% SDS in a 60°C water bath,

followed by the addition of 1 M NaCl for a 40 minute incubation on ice. The impurities,

including RNA and proteins, were removed by enzymatic degradation via RNAse, and

phenol-chloroform extractions, respectively. The DNA was precipitated, washed with

ethanol, and quantified byUV absorption.

25 Pseudomonas aeruginosa is an opportunistic Gram-negative bacilli found in

sewage, plants, and sometimes the intestine. It is capable of infecting various organs and

has been identified in numerous infections including those in the ears, lungs, urinary tract,

blood and in bums and surgical wound infections. Polynucleotide sequences were obtained

from The Institute of Genomic Research (TIGR) (Rockville, MD; www.tigr.org).

30 Chromosomal DNA was acquired from the American Type Culture Collection (ATCC;

reference #17933D).

Enterococcus faecalis is a facultative Gram-positive anaerobe bacteria that is

associated with both community and hospital acquired infections. Approximately 80% of
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enteroccocal infections in humans are caused by E.faecalis, The most common

enterococcal-associated nosocomial infections are infections of the urinary tract, followed

by surgical wound infections and bacteremia. Other enterococcal infections include intra

abdominal and pelvic infections, central nervous system infections, and in rare instances,

5 osteomyelitis and pulmonary infections. The high vimlence of the organism and the ability

of many strains to resist numerous anti-microbial agents, presents difficult therapeutic

issues. Most enterococci are relatively resistant to penicilUn, ampicillin, and the

ureidopenicillins. E.faecalis polynucleotide sequences were obtained from The Institute of

Genomic Research (TIGR) (Rockville, MD; www.tigr.org). E. faecalis genomic DNA is

10 extracted from a crushed cell pellet (strain V583) and and subjected to 10% sucrose and 2%
SDS in a GO^'C water bath, followed by the addition of 1 M NaCl for a 40 minute incubation

on ice. Impurities, including RNA and proteins, are removed by enzymatic degradation via

RNAse and phenol-chloroform extractions, respectively. The DNA is then precipitated,

washed with ethanol, and quantified byUV absorption.

15 Haemophilus influenzae is Gram-negative coccobacillus that has seven generally

recognized serotypes. Most infections are caused by H, influenzae type B. H influenzae is a

common colonizer of the nasopharynx, and from there may penetrate different tissues to

cause several types of infections. H influenzae is a major pathogen in meningitis, upper

respiratory tract infections (otitis media, sinusitis, epiglottitis), soft tissue infections

20 (cellulitis), pneumonia (including hospital acquired pneumonia) and sepsis. In the United

States and other industrialized countries, more than one-half ofH influenzae cases present

as meningitis with fever, headache, and stiff neck. The remainder present as cellulitis,

arthritis, or sepsis. In developing countries, H influenzae is the second leading cause of

bacterial pneimionia deaths in children as well. Treatment options are becoming limited

25 with the increase in antibiotic resistant strains ofH influenzae. Currently, over 30% ofH
influenzae strains are -lactamase producers, rendering them resistant to ampicilUn and

other -lactam antibiotics which are the first choices for treatment. Resistance to second

choice antibiotics such as macrolides and quinolones is also on the rise suggesting an urgent

need for novel therapeutic agents for this orgamism. H, influenzae chromosomal DNA was

30 acquired from the American Type Culture Collection (ATCC; reference # 5 1907D).

The coding sequences of the subject nucleic acid sequences (predicted) are obtained

by reference to either pubhcly available databases or from the use of a bioinformatics

program that is used to select the coding sequence of interest from the applicable genome.
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For example, bioinformatics programs that may be used to select the coding sequence of

interest from the genome of S. aureus include that described in Nucleic Acids Research,

1999, 27:4636-4641 and the ContigExpress and Translate ftmctionaUties of Vector NTI

Suite (InforMax). For example, coding sequences for the genome of E, coli may be

5 obtained from NCBI (http://www.ncbi.nlm.nih.gov/cgi-

bin/Entrez/altik?gi=l 15&db=Genome) . For example, bioinformatics programs that may be

used to select the coding sequence of interest from the genome of S. pneumoniae include

that described in Nucleic Acids Research, 1999, 27:4636-4641 and the ContigExpress and

Translate functionalities of Vector NTI Suite (InforMax). For example, coding sequences

10 for the genome of P, aeruginosa may be obtained from NCBI

(http://www.ncbi.nlm.nih,gov/cgi-biii/Entrez/frarmk?db=Genome&gi— For example,

bioinformatics programs that may be used to select the coding sequence of interest from the

genome of E. faecalis include that described in Nucleic Acids Research, 1999, 27:4636-

4641 and the ContigExpress and Translate frinctionaUties of Vector NTI Suite (InforMax).

15 For example, coding sequences for the genome of H, influenzae may be obtained from

NCBI at ftp://ftp.ncbi.nih,gov/genomes/Bacteria/Haemophilus influenzae/.

The subject nucleic acid sequences (experimental) are amplified from purified

genomic DNA using PCR with primers that are identified with a computer program using

the corresponding subject nucleic acid sequences (predicted). The PCR primers are

20 selected so as to introduce restriction enzyme cleavage sites at the flaaking regions of the

DNA (e.g., Ndel and Bglll). The nucleic acid sequences for the. forward and reverse

primers for each of the subject nucleic acid sequences (experimental) are shown in the

appropriate Figures, as described above, with their respective restriction sites and melting

temperatures shown in the appUcable Table contained in the Figures.

25 The PCR reaction for each of the subject nucleic acid sequences (experimental) is

performed using 50-100 ng of chromosomal DNA and 2 Units of a high fideUty DNA
Polymerase (for example Pfu Turbo (Stratagene) or Platinum Pf)c (Invitrogen)). The

themiocycliag conditions for the PCR process include a DNA melting step at 94*'C for 45

sec, a primer annealing step at 48*'C - 58*^C (depending on Primer [Tm]) for 45 sec, and an

30 • extension step at 68°C — 72*'C (depending on enzyme) for 1 min 45 sec - 2 min 30 sec

(depending on size of DNA). After 25-30 cycles, a final blocking step at 72''C for 9 min is

carried out. The amplified nucleic acid product is isolated from the PCR cocktail using

silica-gel membrane based column chromatography (Qiagen). The quaUty of the PCR
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product is assessed by resolving an aliquot of amplified product on a 1% agarose gel. The

DNA is quantified spectrophotometrically at A260 or by visualizing the resolved genes with

a 302 nm UV-B light source.

The PGR product for each of the subject nucleic acid sequences (experimental) is

5 directionally cloned into the polylinker region of any of three expression vectors: pET28

(Novagen), pET15 (Novagen) or pGEX (Pharmacia/LKB Biotechnology). Additional

restriction enzyme sites may be engineered into the expression vectors to allow for

simultaneous clones to be prepared having different purification tags. After the ligation

reaction, the DNA is transformed into competent E. coli cells (Strains XL 1-Blue

10 (Stratagene) or DH5 (Invitrogen)) via heat shock or electroporation as described in

Sambrook, et al.. Molecular Cloning: A Laboratory Manual, 2^^ Ed., Cold Spring Harbor

Laboratory Press, Cold Spring Harbor, N.Y. (1989). The expression vectors contain the

bacteriophage T7 promoter for RNA polymerase, and the E. coli strain used produces T7

RNA polymerase upon induction with isopropyl-P-D-thiogalactoside (IPTG). The

1 5 sequence of the cloning site adds a Glutathione S-transferase (GST) tag, or a polyhistidine

(6X His) tag, at the N- or C- terminus of the recombinant protein. The cloning site also

inserts a cleavage site for the thrombin or Tev (Invitrogen) enzymes between the

recombinant protein and the N- or C- terminal GST or polyhistidine tag.

Transformants are selected using the appropriate antibiotic (Ampicillin or

20 Kanamycin) and identified using PCR, or another method, to analyze their DNA. The

poli^iucleotide sequence cloned into the expression construct is then isolated using a

modified alkaline lysis method (Bimbokn, H.C., and Doly, J. (1979) Nucl Acids Res. 7,

1513-1522.) The sequence of the clone is verified by standard polynucleotide sequencing

methods. The various nucleic and amino acid sequences for the different polypeptides of

25 the invention are presented in the Figures.

The expression construct containing a subject nucleic acid (experimental) is

transformed into a bacterial host strain BL21-Gold (DE3) supplemented with a plasmid

called pUBS520, which directs expression oftRNA for arginine (agg and aga) and serves to

augment the expression of the recombinant protein in the host cell (Gene, vol. 85 (1989)

30 109-114). The expression construct may also be transformed into BL21-Gold (DE3)

without pUBS520, BL21-Gold (DE3) Codon-Plus (RIL) or (RP) (Stratagene) or Roseatta

(DE3) (Novagen), the latter two of which contain genes encoding tRNAs. Alternatively,

the expression construct may be transformed into BL21 STAR E, coli (Invitrogen) cells
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which has an Rnase deficiency that reduces degradation of recombinant mRNA transcript

and therefore increases the protein yield. The recombinant protein is then assayed for

positive overexpression in the host and the presence of the protein in the cytoplasmic (water

soluble) region ofthe cell.

5

EXAMPLE 2 Test Protein Expression and Solubility

(a) Test Expression

Transformed cells are grown in LB medium supplemented with the appropriate

antibiotics up to a final concentration of 100 |LXg/ml. The cultures are shaken at 3TC until

10 they reach an optical density (ODeoo) between 0.6 and 0.7. The cultures are then induced

with isopropyl-beta-D-thiogalactopyranoside (IPTG) to a final concentration of 0.5 mM at

15°C for 10 hours, IS^'C for 4 hours, or 30°C for 4 hours.

(b) Method One for Determining Protein Solubility Levels

The cells are harvested by centrifiigation and subjected to a freeze/thaw cycle. The

15 cells are lysed u^ing detergent, sonication, or incubation with lysozyme. Total and soluble

proteins are assayed using a 26-well BioRad Criterion gel running system. The proteins are

stained with an appropriate dye (Coomassie, Silver stain, or Sypro-Red) and visualized with

the appropriate visualization system. Typically, recombinant protein is seen as a prominent

band in the lanes ofthe gel representing the soluble fraction.

20 (c) Method Two for Determining Protein Solubility Levels

The soluble and insoluble fractions (in the presence of6M urea) of the cell pellet are

bound to the appropriate affinity column. The purified proteins firom both firactions are

analysed by SDS-PAGE and the levels of protein in the soluble firaction are determined

The approximate percent solubility of a polypeptide of a subject amino acid sequence

25 (experimental) is determined using one of the two foregoing methods, and the resulting

percent solubility is presented in the applicable Table contained in the Figures.

EXAMPLE 3 Native Protein Expression

The expression construct clone comprising one of the subject amino acid sequences

30 (experimental) is introduced into an expression host. The resultant cell line is then grown

in culture. The method of growth is dependant on whether the protein to be purified is a

native protein or a labeled protein. For native and ^^N labeled protein production, a Gold-

pUBS520 (as described above), BL21-Gold (DE3) Codon-Plus (RIL) or (RP), or BL21
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STAR E. Coli cell line is used. For generating proteins metabolically labeled with

selenium, the clone is introduced into a strain called B834 (Novagen), The methods for

expressing labeled polypeptides of the invention are described in the Examples that follow.

In one method for expressing an unlabeled polypepetide of the invention, 2L LB

5 cultures or IL TB cultures are inoculated with a 1% (v/v) starter culture (ODaoo of 0.8).

The cultures are shaken at 37°C and 200 rpm and grown to an ODeoo of 0.6-0.8 followed by

induction with 0.5mM IPTG at 15°C and 200 rpm for at least 10 hours or at 25°C for 4

hours. The cells are harvested by centrifugation and the pellets are resuspended in 25 ml

HEPES buffer (50 mM, pH 7.5), supplemented with 100^x1 of protease inhibitors (PMSF

10 and benzamidine (Sigma)) and flash-frozen in liquid nitrogen.

Alternatively, for an unlabeled polypeptide of the invention, a starter culture is

prepared in a 300 mL Tunair flask (Shelton Scientific) by adding 20 mL ofmedium having

47.6 g/L of Terrific Broth and 1.5% glycerol in dHaO followed by autoclaving for 30

minutes at 121 "^C and 15 psi. When the broth cools to room temperature, the medium is

15 supplemented with 6.3 |liM C0CI2-6H2O, 33.2 \xM MnS04-5H20, 5.9 juM CUCI2-2H2O, 8.1

|xM H3BO3, 8.3 |LiM Na2Mo04-2H20, 7 ^iM ZnS04-7H20, 108 ^M FeS04-7H20, 68 ^iM

CaCl2-2H20, 4.1 \xM AICI3-6H2O, 8.4 iiiM NiCl2-6H20, 1 mM MgS04, 0.5% v/v of Kao

and Michaylixk vitamins mix (Sigma; Cat. No. K3129), 25 \xg/mL Carbenicillin, and 50

{xg/mL Kanamycin. The medium is then inoculated with several colonies of the freshly

20 transformed expression construct of interest. The culture is incubated at 37°C and 260 rpm

for about 3 hours aud then transferred to a 2.5L Tunair Flask containing IL of the above

media. The IL culture is then incubated at 37°C with shaking at 230-250 rpm on an orbital

shaker having a 1 inch orbital diameter. When the culture reaches an ODgoo of 3-6 it is

induced with 0.5 mM IPTG. The induced culture is then incubated at 15°C with shaking at

25 230-250 rpm or faster for about 6-15 hours. The cells are harvested by centrifiigation at

3500 rpm at 4°C for 20 minutes and the cell pellet is resuspended in 15 mL ice cold binding

buffer (Hepes 50 mM, pH 7.5) and 100 ^1 of protease inhibitors (50 mM PMSF and 100

mM Benzamidine, stock concentration) and flash frozen.

30 EXAMPLE 4 Expression ofSelmet Labeled Polypeptides

The cell harboring a plasmid with the nucleic acid sequence of interest is inoculated

into 20 ml of NMM (New Minimal Mediimi) and shaken at 37°C for 8-9 hours. This

culture is then transferred into a 6L Erlenmeyer flask containing 2L of minimixm mediimi
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(M9). The media is supplemented with all amino acids except methionine. All amino acids

are added as a solution except for Tyrosine, Tryptophan and Phenylalanine which are added

to the media in powder format. As well the media is supplemented with MgS04 (2mM final

concentration), FeS047H20 (25mg/L final concentration), Glucose (0.4% final

5 concentration), CaCk (O.lmM final concentration) and Seleno-L-Methionine (40mg/L final

concentration). When the ODeoo of the cell culture reaches 0.8-0.9, IPTG (0.4 mM final

concentration) is added to the medium for protein induction, and the cell culture is kept

shaking at 15°C for 10 hours. The cells are harvested by centrifiagation at 3500 rpm at 4°C

for 20 minutes and the cell pellet is resuspended in 15 mL cold binding buffer (Hepes 50

10 mM, pH 7.5) and 100 |j,l of protease inhibitors (PMSF and Benzamidine) and flash firozen.

Alternatively, a starter culture is prepared in a 300 mL Tunair flask (Shelton

Scientific) by adding 50 mL of sterile medium having 10% 10XM9 (37.4 mM NH4CI

(Sigma; Cat. No. A4514), 44 mM KH2PO4 (Bioshop, Ontario, Canada; Cat. No. PPM 302),

96 mM Na2HP04 (Sigma; Cat. No. S2429256), and 96 mM Na2HP04 7H2O (Sigma; Cat

15 No. S9390) final concentration), 450 IliM alanine, 190 [xM arginine, 302 [iM asparagine,

300 |LiM aspartic acid, 330 |aM cysteine, 272 |liM glutamic acid, 274 fxM glutamine, 533 |liM

glycine, 191 \xM histidine, 305 |liM isoleucme, 305 inM leucine, 220 |liM lysine, 242 |aM

phenylalanine, 348 |aM proline, 380 |aM serine, 336 jaM threonine, 196 |xM tryptophan, 220

I^M tyrosine, and 342 valine, 204 juM Seleno-L-Methionine (Sigma; Cat. No. S3 132),

20 0,5% v/v of Kao and Michayluk vitamins mix (Sigma; Cat. No. K3129), 2 mM MgS04

(Sigma; Cat. No. M7774), 90 ^iM FeS047H20 (Sigma; Cat. No. F8633), 0.4% glucose

(Sigma; Cat. No. G-5400), 100 |laM CaCk (Bioshop, Ontario, Canada; Cat. No. CCL 302),

50 ixg/mL Ampicillin, and 50 |LLg/mL Kanamycin in dH20. The medium is then inoculated

with several colonies of E, coli B834 cells (Novagen) freshly transformed with an

25 expression construct clone encoding the polypeptide of interest. The culture is then

incubated at 37''C and 200 rpm until it reaches an ODeoo of -1 and is then transferred to a

2.5L Timair Flask containing IL of the above media. The IL culture is incubated at 37*'C

with shaking at 200 rpm until the culture reaches an ODeoo of 0.6-0.8 and is then induced

with 0.5 mM IPTG. The induced culture is incubated overnight at 15''C with shaking at

30 200 rpm. The cells are harvested by centrifugation at 4200 rpm at 4°C for 20 minutes, and

the cell pellet is resuspended in 15 mL ice cold binding buffer (Hepes 50 mM, pH 7.5) and

100 |j.l of protease inhibitors (50 mM PMSF and 100 mM Benzajtnidine, stock

concentration) and flash frozen.
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Alternatively, the cell harboring a plasmid with the nucleic acid sequence of interest

is inoculated into 10 ml ofM9 minimum medium and kept shaking at 37°C for 8-9 hoiu-s.

This culture is then transferred into a 2L Baffled Flask (Coming) containing IL minimum

medium. The media is supplemented with all amino acids except methionine. All are

5 added as a solution, except for Phenylalaaine, Alanine, Valine, Leucine, Isoleucine, Proline,

and Tryptophan which are added to the media in powder format. As well the media is

supplemented with MgS04 (2mM final concentrtion), FeS04*7H20 (25 mg/L final

concentration), Glucose (0.5% final concentration), CaCl2 (0.1 mM final concentration) and

Seleno-Methionine (50 mg/L final concentration). When the ODeoo of the cell culture

10 reaches 0.8-0.9, IPTG (0.8 mM final concentration) is added to the mediimi for protein

induction, and the cell culture is kept shaking at 25°C for 4 hours. The cells are harvested

by centrifuged at 3500 rpm at 4°C for 20 minutes and the cell pellet is resuspended in 10

mL cold binding buffer (Hepes 50 mM, pH 7.5) and 100 |li1 of protease inhibitors (PMSF

and Benzamidine) and flash firozen.

15

EXAMPLE 5 Expression of^^NLabeled Polypeptides

The cell harboring a plasmid with the nucleic acid sequence of interest is inoculated

into 2L of minimal media (containing ^^N isotope, Cambridge Isotope Lab) in a 6L

Erlenmeyer flask. The minimal media is supplemented with 0.01 mM ZnS04, 0.1 mM
20 CaCl2, 1 mM MgS04, 5 mg/L Thiamine HCl, and 0.4% glucose. The 2L culture is grown at

37°C and 200 rpm to an ODeoo of between 0.7-0.8. The culture is then induced with 0.5

mM IPTG and allowed to shake at 15°C for 14 hours. The cells are harvested by

centrifugation and the cell pellet is resuspended in 15 mL cold binding buffer and 100|j,l of

protease inhibitor and flash firozen. The protein is then purified as described below.

25 Altematively, the cell, harboring a plasmid with the nucleic acid sequence of the

invention, is inoculated into 10 mL ofM9 media (with ^^N isotope) and supplemented with

0.01 mM ZnS04, 0.1 mM CaCl2, 1 mM MgS04, 5 mg/L ThiamineHCl, and 0.4% glucose.

After 8-10 hours of growth at 37°C, the culture is transferred to a 2L Baffled flask

(Coming) containing 990 mL of the same media. When ODgoo of the culture is between

30 0.7-0.8, protein production is initiated by adding IPTG to a final concentration of 0.8 mM
and lowering the temperature to 25*^C. After 4 hours of incubation at tibis temperature, the

cells are harvested, and the cell pellet is resuspended in 10 mL cold binding buffer (Hepes

50 mM, pH 7.5) and 100 |j.l ofprotease inhibitor and flash frozen.
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EXAMPLE 6 Method Onefor Purifying Polypeptides ofthe Invention

The frozen pellets are thawed and sonicated to lyse the cells (5 x 30 seconds, output

4 to 5, 80% duty cycle, in a Branson Sonifier, VWR). The lysates are clarified by

5 centrifugation at 14,000 rpm for 60 min at 4°C to remove insoluble cellular debris. The

supematants are removed and supplemented with 1 |li1 of Benzonase Nuclease (25 U/|j,l,

Novagen).

The recombinant protein is purified using DE52 (anion exchanger, Whatman) and

Ni-NTA columns (Qiagen). The DE52 coliimns (30 mm wide, Biorad) are prepared by

10 mixing 10 grams of DE52 resin in 25 ml of 2.5 M NaCl per protein sample, applying the

resin to the column and equilibrating with 30 ml of binding buffer (50 mM in HEPES, pH

7.5, 5% glycerol (v/v), 0.5 M NaCl, 5 mM imidazole). Ni-NTA colimins are prepared by

adding 3.5-8 ml of resin to the column (20 mm wide, Biorad) based on the level of

expression of the recombinant protein and equilibrating the column with 30 ml of binding

1 5 buffer. The columns are arranged in tandem so that the protein sample is first passed over

the DE52 column and then loaded directly onto the Ni-NTA column.

The Ni-NTA columns are washed with at least 150 ml of wash buffer (50mM

HEPES, pH 7.5, 5% glycerol (v/v), 0.5 M NaCl, 30 mM imidazole) per column. A pump

may be used to load and/or wash the columns. The protein is eluted off of the Ni-NTA

20 column using elution buffer (50 mM in HEPES, pH 7.5, 5% glycerol (v/v), 0.5 M NaCl,

250 mM imidazole) until no more protein is observed in the aliquots of eluate as measured

using Bradford reagent (Biorad). The eluate is supplemented with 1 mM ofEDTA and 0.2

mMDTT.

The samples are assayed by SDS-PAGE and stained with Coomassie Blue, with

25 protein purity determined by visual staining.

Two methods may be used to remove the His tag located at either the C or N-

terminus. In certain instances, the His tag may not be removed. In either case, the

expressed polypeptide will have additional residues attributable to the His tag, as shown in

the foUoAving table:

SEQ IDNO
for Additional Residues AdditionalResidues

Type ofTag and
Whether or NotRemoved

GSH His tag removed from N-
terminus

SEQ ID NO: 1 MGSSHHHHHHSSGLVPRG His tag not removed firom
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SH N-termmus

SEQ ID NO: 2 GSENLYFQGHHHHHH His tag removed from C-

terminus

SEQ ID NO: 3 GSENLYFQ His tag not removed from

C~terminus

In method one, a sample of purified polypeptide is supplemented with 2.5 mM
CaCl2 and an appropriate amount of thrombin (the amoimt added will vary depending on

the activity of the enzyme preparation) and incubated for -20-30 minutes on ice in order to

remove the His tag. In method two, a sample of purified polypeptide is combined with

thirty units ofrecombinant TEV protease in 50 mmol TRIS HCl pH = 8.0, 0.5 mmol EDTA

and 1 mmol DTT, followed by incubation at 4^C overnight, to remove the His tag.

The protein sample is then dialyzed in dialysis buffer (lOmM HEPES, pH 7,5, 5%

glycerol (v/v) and 0.5 M NaCl) for at least 8 hours using a Slide-A-Lyzer (Pierce)

appropriate for the molecular weight of the recombinant protein. An aliquot of the cleaved

and dialyzed samples is then assayed by SDS-PAGE and stained with Coomassie Blue to

determine the purity of the protein and the success of cleavage.

The remainder of the sample is centrifuged at 2700 rpm at 4°C for 10-15 minutes to

remove any precipitant and supplemented with 100 |al of protease inhibitor cocktail (0.1 M
benzamidine and 0.05 M PMSF) (NO Bioshop). The protein is then appUed to a second Ni-

NTA column (-8 ml of resin) to remove the His-tags and eluted with binding buffer or

wash buffer until no more protein is eluting off the column as assayed using the Bradford

reagent. The eluted sample is supplemented with 1 mM EDTA and 0.6 mM ofDTT and

concentrated to a final volume of --15 mis using a Millipore Concentrator with an

appropriately sized filter at 2700 rpm at 4°C. The samples are then dialyzed overnight

against crystallization buffer and concentrated to final volume of 0.3-0.7 ml.

EXAMPLE 7 Method Twofor Purifying Polypeptides ofthe Invention

The frozen pellets are thawed and supplemented with 100 |Ltl of protease inhibitor

(0.1 M benzamidine and 0.05 M PMSF), 0.5% CHAPS, and 4 U/ml Benzonase Nuclease.

The sample is then gently rocked on a Nutator (VWR, setting 3) at room temperature for 30

minutes. The cells are then lysed by sonication (1 x 30 seconds, output 4 to 5, 80% duty

cycle, in a Branson Sonifier, VWR) and an aliquot is saved for a gel sample.

The recombinant protein is purified using a three colunan system. The columns are

set up in tandem so that the lysate flows from a Biorad Econo (5.0 x 30 cm x 589 ml)
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"lysate" column onto a Biorad Econo (2.5 x 20 cm x 98 ml) DE52 column and finally onto

a Biorad Econo (L5 x 15 cm x 27 ml) Ni-NTA colunm. The lysate is mixed with 10 g of

equilibrated DE52 resin and diluted to a total volume of 300 ml with binding buffer. This

mixture is poured into the first colunm which is empty. The remainder of the purification

5 procedure is described in EXAMPLE 6 above.

EXAMPLE 8 Method Threefor Purifying Polypeptides ofthe Invention

The firozen pellets are thawed and sonicated to lyse the cells (5 x 30 seconds, output

4 to 5, 80% duty cycle, in a Branson Sonifier, VWR). The lysates are clarified by

10 centrifugation at 14000 rpm for 60 min at 4°C to remove insoluble cellular debris. The

supematants are removed and supplemented with 1 jxl of Benzonase Nuclease (25 U/|al,

Novagen).

The recombinant protein is purified using DE52 (anion exchanger, Whatman) and

Glutathione sepharose columns (Glutathione-Superflow resin, Clontech). The DE52

15 columns (30 mm wide, Biorad) are prepared by mixing 10 grams ofDE52 resin in 20 ml of

2.5 M NaCl per protein sample, applying the resin to the colunm and equiUbrating with 30

ml of loading bufifer (50mM m HEPES, pH 7.5, 10% glycerol (v/v), 0.5 M NaCl, 1 mM
EDTA, 1 mM DTT). Glutathione sepharose colunms are prepared by adding 3 ml of resin

to the column (20 mm wide, Biorad) and equilibrating the column with 30 ml of loading

20 buffer. The colunms are arranged in tandem so that the protein sample is first passed over

the DE52 column and then loads directly onto the Glutathione sepharose colxmm.

The columns are washed with at least 150 ml of loading buffer supplemented with

protease inhibitor cocktail (0.1 M benzamidine and 0.05 M PMSF) per column. A pump

may be used to load and/or wash the columns. The protein is eluted off of the Glutathione

25 sepharose column using elution buffer (20mM HEPES, pH 7.5, 0.5 M NaCl, 1 mM EDTA,

1 mM DTT; 25 mM glutathione (reduced form)) until no more protein is observed in the

aliquots of eluate as measured using Biorad Bradford reagent.

The GST tag may be removed using thrombin or other procedures known in the art.

The protein samples are then dialyzed into crystallization buffer (10 mM Hepes, pH 7.5,

30 500 mM NaCl) to remove free glutathione and assayed by SDS-PAGE followed by staining

with Coomassie blue. Prior to use or storage, the samples are concentrated to final volume

of 0.3-0.5 ml.
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The Tables contained in the Figures set forth the results of expressing and purifying

certain of the polypeptides of the invention using the procedures described above. Prepared

and purified in this way, the purified polypeptides are essentially the only protein visualized

in the SDS-PAGE assay using Coomassie Blue described above, which is at least about

95% or greater purity.

The protein samples so prepared and purified may be used in the studies that follow

and that are otherwise described herein, with or without the tag or the residual amino acids

resulting from removal of the tag. hi certain instances, such as EXAMPLE 11, the

polypeptide sample used may be a fusion protein with a specific tag.

A stable solution of certain of the expressed polypeptides, labeled and unlabeled,

tagged and untagged, may be prepared in one ml of either the dialysis or crystallization

buffers (or possibly both) described above in EXAMPLE 6 or EXAMPLE 8. The results of

those solubility experiements are set forth in the applicable Table contained in the Figures.

For certain polypeptides of the invention, truncated polypeptides are prepared.

Truncated polypeptides are generated via a "shot gun" approach whereby 1 to about 15 or

more residues may be deleted from the N and/or C termini of the polypeptide of interest in

a sequential pattem, in a variety of combinations of deletions. Alternatively, truncated

polypeptides may be prepared by rational design, using multiple sequence alignments of the

protein and other orthologues, secondary structure prediction and tertiary structure of a

related protein (if available) as guiding tools. In such cases, from 1 to about 20 amino acids

or more may be deleted from the N and/or C termini. Truncated constructs are PGR

amphfied from genomic DNA and cloned into expression vectors as described above for

the various pathogens. Truncation constructs are then tested for expression and solubility

as described above. The most highly expressed and soluble truncated polypeptides may be

subject to further purification and characterization as provided herein.

EXAMPLE 9 Mass Spectrometry Analysis via FingerprintMapping

A gel sUce from a purification protocol described above containing a polypeptide of

the invention is cut into 1 mm cubes and 10 to 20 jxl of 1% acetic acid is added. After

washing with 100 - 150 |ll1 HPLC grade water and removal of the liquid, acetonitrile (-200

p,l, approximately 3 to 4 times the volume of the gel particles) is added followed by

incubation at room temperature for 10 to 15 minutes with vortexing. A second acetonitrile

wash may be required to completely dehydrate the gel particles. The protein in the gel
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particles is reduced at 50 degrees Celsius using 10 mM dithiothreitoi (in 100 roM

ammonium bicarbonate) and then alkylated at room temperature in the dark using 55 mM
iodoacetamide (in 100 mM ammonium bicarbonate). The gel particles are rinsed with a

minimal volvime of 100 mM anamonium bicarbonate before a trypsin (50 mM ammonium

5 bicarbonate, 5 mM CaCl2, and 12.5 ng/jal trypsin) solution is added. The gel particles are

left on ice for 30 to 45 minutes (after 20 minutes incubation more trypsin solution is added).

The excess trypsin solution is removed and 10 to 15 ^il digestion buffer without trypsin is

added to ensure the gel particles remain hydrated during digestion. After digestion at 37°C,

the supernatant is removed from the gel particles. The peptides are extracted from the gel

10 particles with 2 changes of 100 |aL of 100 mM ammonium bicarbonate with shaking for 45

minutes and pooled with the initial gel supematant. The extracts are acidified to 1% (v/v)

with 100% acetic acid.

The tryptic peptides are purified with a CI 8 reverse phase resin. 250 jaL of dry

resin is washed twice with methanol and twice with 75% acetomtrile/1% acetic acid. A 5:1

15 slurry of solventiresin is prepared with 75% acetonitrile/1% acetic acid. To the extracted

peptides, 2 |xL of the resin slurry is added and the solution is shaken for 30 minutes at room

temperature. The supematant is removed and replaced with 200 |j,L of2% acetonitrile/1%

acetic acid and shaken for 5-15 minutes. The supematant is removed and the peptides are

eluted from the resin with 15 jaL of 75% acetonitrile/1% acetic acid with shaking for about

20 5 minutes. The peptide and slurry mixture is applied to a filter plate and centrifiiged, and

the filtrate is collected and stored at -70°C until use.

Alternatively, the tryptic peptides are purified using ZipTipcis (MilUpore, Cat #

ZTC18S960). The ZipTips are first pre-wetted by aspirating and dispensing 100%

methanol. The tips are then washed with 2% acetonitrile/1% acetic acid (5 times), followed

25 by 65% acetonitrile/1% acetic (5 times) and retumed to 2% acetonitrile/1% acetic acid (10

times). The digested peptides are boxmd to the ZipTips by aspirating and dispensing the

samples 5 times. Salts are removed by washing ZipTips with 2% acetonitrile/1% acetic

acid (5 times), 10 jxL of 65% acetonitrile/1% acetic acid is collected by the ZipTips and

dispensed into a 96-well microtitre plate.

30 Analytical samples containing tryptic peptides are subjected to MALDI-TOF mass

spectrometry. Samples are mixed 1:1 with a matrix of a~cyano~4-hydroxy-^raw5-cimiaxnic

acid. The sample/matrix mixture is spotted on to the MALDI sample plate with a robot,

either a Gilson 215 liquid handler or BioMek FX laboratory automation workstation
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(Beckman). The sample/matrix mixture is allowed to dry on the plate and is then

introduced into the mass spectrometer. Analysis of the peptides in the mass spectrometer is

conducted using both delayed extraction mode (400 ns delay) and an ion reflector to ensure

high resolution of the peptides.

5 Intemally-calibrated tryptic peptide masses are searched against databases using a

correlative mass matching algorithm. The Proteometrics software package (ProteoMetrics)

is utilized for batch database searching of tryptic peptide mass spectra. Statistical analysis

is performed on each protein match to determine its validity. Typical search constraints

include error tolerances within 0.1 Da for monoisotopic peptide masses,

10 carboxyamidomethylation of cysteines, no oxidation of methionines allowed, and 0 or 1

missed enzyme cleavages. The software calculates the probabiUty that a candidate in the

database search is the protein being analyzed, which is expressed as the Z-score. The Z-

score is the distance to the population mean in unit of standard deviation and corresponds to

the percentile of the search in the random match population. If a search is in the 95th

15 percentile, for example, about 5% of random matches could yield a higher Z-score than the

search. A Z-score of 1 .282 for a search indicates that the search is in the 90th percentile, a

Z-score of 1.645 indicates that the search is in the 95th percentile, a Z-score of 2.326

indicates that the search is in the 99th percentile, and a Z-score of 3.090 indicates that the

search is in the 99.9th percentile.

20 The results of the mass search described above for certain of the polypeptides of the

invention are shown in the Figures, and described in the applicable Table contained in the

Figures, for each of them. From these experiments, the identity of those polypeptides have

been confirmed.

25 EXAMPLE 10 Mass Spectrometry Analysis via High Mass

A matrix solution of 25 mg/mL of 3,5-dimethoxy-4-hydroxycitmamic acid

(sinapinic acid) in 66% (v/v) acetonitrile/1% (v/v) acetic acid is prepared along with an

intemal calibrant of carbonic anhydrase. On to a stainless steel polished MALDI target, 1.5

|aL of a protein solution (concentration of 2 |ag/|aL) is spotted, followed immediately by 1.5

30 laL of matrix. 3 |liL of40% (v/v) acetonitrile/1% (v/v) acetic acid is then added to each spot

has dried. The sample is either spotted manually or utilizing a Gilson 215 liquid handler or

BioMek FX laboratory automation workstation (Beckman). The MALDI-TOF instrument

utilizes positive ion and linear detection modes. Spectra are acquired automatically over a
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mass to charge range from 0-150,000 Da, pulsed ion extraction delay is set at 200 ns, and

600 summed shots of 50-shot steps are completed.

The theoretical molecular weight of the protein for MALDI-TOF is determined

from its amino acid sequence, taking into account any purification tag or residue thereof

5 still present and any labels (e.g., selenomethionine or ^^N). To account for ^^N

incorporation, an amount equal to the theoretical molecular weight of the protein divided by

70 is added. The mass of water is subtracted from the overall molecular weight. The

MALDI-TOF spectrum is calibrated with the internal calibrant of carbonic anhydrase

(observed as either [MH^avg] 29025 or [MHi^""] 14513).

10 One or more of the Figures display the MALDI-TOF-generated mass spectrum of

certain of the polypeptides ofthe present invention.

The calculated molecular weight, and the experimentally determined molecular

weight, for certain polypeptides of the invention are listed in the applicable Table contained

in the Figures. In certain instances, a lower mass to charge peak may also be present, which

15 signifies the presence of doubly-charged molecular ion peak [MHa^^] of the polypeptide.

EXAMPLE 11 Method Onefor Isolating and Identifying Interacting Proteins

(a) Method One for Preparation ofAffinity Column

Micro-colxunns are prepared using forceps to bend the ends of P200 pipette tips and

20 adding 1 0 |li1 of glass beads to act as a column firit. Six micro-colvimns are required for

every polypeptide to be studied. The micro-columns are placed in a 96-well plate that has 1

mL wells. Next, a series of solutions of a polypeptide comprising a subject amino acid

sequence (experimental), prepared and purified as described above and with a GST tag on

either terminus, is prepared so as to give final amounts of 0, 0.1, 0.5, 1.0, and 2.0 mg of

25 ligand per ml of resin volume.

A slurry of Glutathione-Sepharose 4B (Amersham) is prepared and 0.5 ml

slurry/ligand is removed (enough for six 40-(xg ahquots of resin). Using a glass flit

Buchner fimnel, the resin is washed sequentially with three 10 ml portions each of distilled

H2O and 1 M ACB (20 mM HEPES pH 7.9, 1 M NaCl, 10% glycerol, 1 mM DTT, and 1

30 mM EDTA). The Glutathione-Sepharose 4B is completely drained of buffer, but not dried.

The Glutathione-Sepharose 4B is resuspended as a 50% slurry in 1 M ACB and 80 \\l\s

added to each micro-column to obtain 40 |Lig/column. The buffer containing the ligand

concentration series is added to the columns and allowed to flow by gravity. The resin and
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ligand are allowed to cross-link overnight at 4*'C. In the morning, micro-columns are

washed with 100 jal of 1 M ACB and allowed to flow by gravity. This is repeated twice

more and the elutions are tested for cross-linking efficiency by measuring the amount of

unbound Hgand. After washing, the micro-columns are equilibrated using 200 |li1 of 0.1 M
ACB (20 mM HEPES pH 7.5, 0.1 M NaCl, 10% glycerol, 1 mM DTT, 1 mM EDTA).

In another method, the recombinant GST fusion protein can be replaced by a hexa-

histidine fusion peptide for use with NTA-Agarose (Qiagen) as the solid support. No

adaptation to the above protocol is required for the substitution ofNTA agarose for GST

Sepharose except that the recombinant protein requires a six histidine fusion peptide in

place of the GST fusion.

(b) Method Two for Preparation of Affinity Column

In an alternative method, GST-Sepharose 4B may be replaced by Affi-gel 10 Gel

(Bio-Rad). The column resin for affinity chromatography could also be Affigel 10 resin

which allows for covalent attachment of the protein ligand to the micro affinity column. An

adaptation to the above protocol for the use of this resin is a pre-wash of the resin with

100% isopropanol. No fusion peptides or proteins are required for the use of Affigel 10

resin.

(c) Method One for Bacterial Extract Preparation

A iS. aureus extract is prepared firom cell pellets using nuclease and lysostaphin

digestion followed by sonication. A S. aureus cell pellet (12g) is suspended in 12 ml of 20

mM HEPES pH 7.5, 150 mM NaCl, 10% glycerol, 10 mM MgS04, 10 mM CaCk, 1 mM
DTT, 1 mM PMSF, 1 mM benzamidine, 1000 units of lysostaphin, 0.5 mg RNAse A, 750

units micrococcal nuclease, and 375 units DNAse 1. The cell suspension is incubated at

37'*C for 30 minutes, cooled to 4°C, and brought to a final concentration of 1 mM EDTA

and 500 mM NaCl. The lysate is sonicated on ice using three bursts of 20 seconds each.

The lysate is centrifixged at 20,000 rpm for 1 hr in a Ti70 fixed angle Beckman rotor. The

supernatant is removed and dialyzed ovemight in a 10,000 Mr dialysis membrane against

dialysis buffer (20 mM HEPES pH 7.5, 10 % glycerol, 1 mM DTT, 1 mM EDTA, 100 mM
NaCl, 10 mM MgS04, 10 mM CaCl2, 1 mM benzamidine, and 1 mM PMSF). The dialyzed

protein extract is removed firom the dialysis tubing and frozen in one ml aliquots at -70°C.

An E, coli extract is prepared firom cell pellets using a French press followed by

sonication. An E. coli ceU pellet (-6 g) is suspended in 3 pellet volumes (-20 ml fmal

volume) of 20 mM HEPESpH 7.5, 150 mM NaCl, 10% glycerol, 10 mM MgS04, 10 mM
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CaCl2, 1 mM DTT, 1 mM PMSF, 1 mM benzamidine, 40 |ag/ml RNAse A, 75 units/ml SI

nuclease, and 40 units/ml DNAse 1, The cell suspension is lysed with one pass with a

French Pressure Cell followed by sonication on ice using three bursts of 20 seconds each.

The lysate is agitated at 4°C for 30 minutes, brought up to 0.5 M NaCl and then incubated

5 for an additional 30 min at 4°C with agitation. The lysate is centrifuged at 25,000 rpm for 1

hr at 4°C in a Ti70 fixed angle Beckman rotor. The supernatant is removed and dialyzed

overnight in a 10,000 Mr dialysis membrane against dialysis buffer (20 mM HEPES pH

7.5, 10 % glycerol, 1 mM DTT, 1 mM EDTA, 10 mM MgS04, 10 mM CaCli, 100 mM
NaCl, 1 mM benzamidine, and 1 mM PMSF). The dialyzed protein extract is removed

10 from the dialysis tubing and frozen in one ml aliquots at —70°C.

A P, aeruginosa extract is prepared from cell pellets using a French press followed

by sonication- An P. aeruginosa cell pellet (~6 g) is suspended in 3 pellet volumes (--20 ml

final volume) of 20 mM HEPES pH 7.5, 150 mM NaCl, 10% glycerol, 10 mM MgS04, 10

mM CaCb, 1 mM DTT, 1 mM PMSF, 1 mM benzamidine, 40 fxg/ml RNAse A, 75 units/ml

15 SI nuclease, and 40 units/ml DNAse 1. The cell suspension is lysed with one pass with a

French Pressure Cell followed by sonication on ice using three bursts of 20 seconds each.

The lysate is agitated at 4°C for 30 minutes, brought up to 0.5 M NaCl and then incubated

for an additional 30 min at 4^C with agitation. The lysate is centriftiged at 25,000 rpm for 1

hr at 4°C in a Ti70 fixed angle Beckman rotor. The supematant is removed and dialyzed

20 overnight in a 10,000 Mr dialysis membrane against dialysis buffer (20 mM HEPES pH

7.5, 10 % glycerol, 1 mM DTT, 1 mM EDTA, 100 mM NaCl, 10 mM MgS04, 10 mM
CaCl2, 1 mM benzamidine, and 1 mM PMSF). The dialyzed protein extract is removed

from the dialysis tubing and frozen in one ml aliquots at —70 C.

A S. pneumoniae extract is prepared from cell pellets using a French press followed

25 by sonication. An S. pneumoniae cell pellet (--6 g) is suspended in 3 pellet volumes ('-20

ml final volume) of 20 mM HEPES pH 7.5, 150 mM NaCl, 10% glycerol, 10 mM MgS04,

10 mM CaCla, 1 mM DTT, 1 mM PMSF, 1 mM benzamidine, 40 |Lig/ml RNAse A, 75

units/ml S 1 nuclease, and 40 units/ml DNAse 1 . The cell suspension is lysed with one pass

with a French Pressure Cell followed by sonication on ice using three bursts of 20 seconds

30 each. The lysate is agitated at 4°C for 30 minutes, brought up to 0.5 M NaCl and then

incubated for an additional 30 min at 4°C with agitation. The lysate is centriftiged at 25,000

rpm for 1 hr at 4°C in a Ti70 fixed angle Beckman rotor. The supematant is removed and

dialyzed overnight in a 10,000 Mr dialysis membrane against dialysis buffer (20 mM
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HEPES pH 7.5, 10 % glycerol, 1 mM DTT, 1 mM EDTA, 100 mM NaCl, 10 mM MgS04,

10 mM CaCl2, 1 mM benzamidine, and 1 mM PMSF). The dialyzed protein extract is

removed from the dialysis tubing and frozen in one ml aliquots at —70°C.

An E, faecalis extract is prepared from cell pellets using a French press followed by

5 sonication. An E. faecalis cell pellet (-6 g) is suspended in 3 pellet volumes (-20 ml final

volume) of 20 mM HEPES pH 7.5, 150 mM NaCl, 10% glycerol, 10 mM MgS04, 10 mM
CaCl2, 1 mM DTT, 1 mM PMSF, 1 mM benzamidine, 40 |ag/ml RNAse A, 75 units/ml SI

nuclease, and 40 vinits/ml DNAse 1. The cell suspension is lysed with one pass with a

French Pressure Cell followed by sonication on ice using three bursts of 20 seconds each.

10 The lysate is agitated at 4°C for 30 minutes, brought up to 0.5 M NaCl and then incubated

for an additional 30 min at 4°C with agitation. The lysate is centrifuged at 20,000 rpm for 1

hr in a JA25.50 Beckman rotor. The supematant is removed and dialyzed overnight in a

3,500 Mr dialysis membrane against dialysis buffer (20mM HEPES pH 7.5, 10 % glycerol,

1 mM DTT, 1 mM EDTA, 100 mM NaCl, 10 mM MgS04, 10 mM CaCl2, 1 mM
15 benzamidine, and 1 mM PMSF). The dialyzed protein extract is removed from the dialysis

tubing and frozen in one ml aliquots at —70°C.

A Haemophilus influenzae extract is prepared from cell pellets using a French press

followed by sonication. AH influenzae cell pellet (-6 g) is suspended in 3 pellet volumes

(--20 ml final volume) of 20 mM HEPES pH 7.5, 150 mM NaCl, 10% glycerol, 10 mM
20 MgS04, 10 mM CaCla, 1 mM DTT, 1 mM PMSF, 1 mM benzamidine, 40 mg/ml RNAse

A, 75 units/ml SI nuclease, and 40 units/ml DNAse 1. The cell suspension is lysed with

one pass with a French Pressure Cell followed by sonication on ice using three bursts of 20

seconds each. The lysate is agitated at 4°C for 30 minutes, brought up to 0,5 M NaCl and

then incubated for an additional 30 min at 4'^C with agitation. The lysate is centrifiiged at

25 20,000 rpm for 1 hr in a JA25.50 Beckman rotor. The supematant is removed and dialyzed

overnight in a 3,500 Mr dialysis membrane against dialysis buffer (20 mM HEPES pH 7.5,

10 % glycerol, 1 mM DTT, 1 mM EDTA, 100 mM NaCl, 10mM MgS04, 10 mM CaCk, 1

mM benzamidine, and 1 mM PMSF), The dialyzed protein extract is removed from the

dialysis tubing and frozen in one ml aUquots at -70°C.

30 (d) Method Two for Bacterial Extract Preparation

Bacterial cell extracts from the pathogen of interest are prepared from cell pellets

usiug a Bead-Beater apparatus (Bio-spec Products Inc.) and zirconia beads (0.1 mm
diameter). The bacterial cell pellet is suspended (-6 g) is suspended in 3 pellet volumes
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(~20 ml final volume) of 20 mM HEPES pH 7.5, 150 mM NaCl, 10% glycerol, 10 mM
MgS04, 10 wM CaCl2, 1 mM DTT, 1 mM PMSF, 1 mM benzamidine, 40 |ag/ml RNAse A,

75 units/ml SI nuclease, and 40 units/ml DNAse 1 . The cells are lysed with 10 pulses of 30

sec between 90 sec pauses at a temperature of -5 °C. The lysate is separated from the

zirconia beads using a standard column apparatus. The lysate is centrifuged at 20000 rpm

(48000 X g) in a Beckman JA25.50 rotor. The supernatant is removed and dialyzed

overnight at 4 °C against dialysis buffer (20 mM HEPES pH 7.5, 10 % glycerol, 1 mM
DTT, 1 mM EDTA, 100 mM NaCl, 10 mM MgS04, 10 mM CaCla, 1 mM benzamidine, and

1 mM PMSF). The dialyzed protein extract is removed from the dialysis tubing and frozen

in one ml aliquots at —70°C.

(e) HeLa Cell Extract Preparation

A HeLa cell extract is prepared in the presence of protease inhibitors.

Approximately 30 g ofHela cells are submitted to a freeze/thaw cycle and then divided into

two tubes. To each tube 20 ml ofBuffer A (10 mM HEPES pH 7.9, 1.5 mM MgCl, 10 mM
KCl, 0.5 mM DTT, 0.5 mM PMSF) and a protease inhibitor cocktail are added. The cell

suspension is homogenized with 10 strokes (2x5 strokes) to lyse the cells. Bixffer B (15

ml per tube) is added (50 mM HEPES pH 7.9, 1.5 mM MgCl, 1.26 M NaCl, 0.5 mM DTT,

0.5 mM PMSF, 0.5 mM EDTA, 75% glycerol) to each tube followed by a second roimd of

homogenization (2x5 strokes). The lysates are stirred on ice for 30 minutes followed by

centrifugation 37,000 rpm for 3 hr at 4''C in a Ti70 fixed angle Beckman rotor. The

supernatant is removed and dialyzed overnight in a 10,000 Mr dialysis membrane against

dialysis buffer (20 mM HEPES pH 7.9, 10% glycerol, 1 mM DTT, 1 mM EDTA, and 1 M
NaCl. The dialyzed protein extract is removed from the dialysis tubing and frozen in one

ml aliquots at -70°C.

(f) Affinity Chromatography

Cell extract is thawed and diluted to 5 mg/ml prior to loading 5 column volumes

onto each micro-column. Each column is washed with 5 column volumes of 0.1 M ACB.

This washing is repeated once. Each column is then washed with 5 column volumes of 0.1

M ACB containing 0.1% Triton X-100. The columns are eluted with 4 column volumes of

1% sodium dodecyl sulfate into a 96 well PCR plate. To each eluted fraction is added one-

tenth volume of 1 0-fold concentrated loading buffer for SDS-PAGE.

(g) Resolution of the Eluted Proteins and Detection ofBound Proteins
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The components of the eluted samples are resolved on SDS-polyacrylamide gels

containing 13.8% polyacrylamide using the Laemmli buffer system and stained with silver

nitrate. The bands containing the interacting protein are excised with a clean scalpel. The

gel volume is kept to a minimum by cutting as close to the band as possible. The gel slice

is placed into one well of a low protein binding, 96-well round-bottom plate. To the gel

slices is added 20 ^il of 1% acetic acid.

EXAMPLE 12 Method Twofor Isolating and Identifying Interacting Proteins

Interacting proteins may be isolated using immunoprecipitation. Naturally-

occuiring bacterial or eukaryotic cells are grown in dejSned growth conditions or the cells

can be genetically manipulated with a protein expression vector. The protein expression

vector is used to transiently transfect the cDNA of interest into eukaryotic or prokaryotic

cells and the protein is expressed for up to 24 or 48 hours. The cells are harvested and

washed three times in sterile 20 mM HEPES (pH7.4)/Hanks balanced salts solution (H/H).

The cells are finally resuspended in culture media and incubated at 37°C for 4-8 hr.

The harvested cells may be subjected to one or more culture conditions that may

alter the protein profile of the cells for a given period of time. The, cells are collected and

washed with ice-cold H/H that includes 10 mM sodium pyrophosphate, 10 mM sodium

fluoride, 10 mM EDTA, and 1 mM sodium orthovanadate. The cells are then lysed in lysis

buffer (50 mM Tris-HCl (pH 8.0), 150 mM NaCl, 1% Triton X-100, 10 mM sodium

pyrophosphate, lOmM sodium fluoride, 10 mM EDTA, 1 mM sodium orthovanadate, 1

iLig/mL PMSF, 1 jxg/mL aprotinin, 1 ^ig/mL leupeptin, and 1 |Lig/mL pepstatin A) by gentle

mixing, and placed on ice for 5 minutes. After lysis, the lysate is transferred to centrifuge

tubes and centrifuged in an ultracentriftige at 75000 rpm for 15 min at 4*^C. The

supematant is transferred to eppendorf tubes and pre-cleared with 10 |xl of rabbit pre-

immune antibody on a rotator at 4°C for 1 hr. Forty |li1 of protein A-Sepharose (Amersham)

is then added and incubated at 4°C overnight on a rotator.

The protein A-Sepharose beads are harvested and the supematant removed to a fi:esh

eppendorf tube. Immime antibody is added to supematant and rotated for 1 hr at 4°C.

Thirty |j,l of protein A-Sepharose is then added and the mixture is further rotated at 4°C for

1 hr. The beads are harvested and the supematant is aspirated. The beads are washed three

times with 50 mM Tris (pH 8.0), 150 mM NaCl, 0.1% Triton X-100, 10 mM sodium

fluoride, 10 mM sodium pyrophosphate, 10 mM sodium orthovanadate, and 10 mM EDTA.
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Dry the beads with a 50 \xl Hamilton syringe. LaemmU loading buffer containing 100 mM
DTT is added to the beads and samples are boiled for 5 min. The beads are spun down and

the supematant is loaded onto SDS-PAGE gels. Comparison of the control and

experimental samples allows for the selection of polypeptides that interact with the protein

5 of interest.

EXAMPLE 13 Samplefor Mass Spectrometry ofInteracting Proteins

The gel slices are cut into 1 mm cubes and 10 to 20 |li1 of 1% acetic acid is added.

The gel particles are washed with 100 - 150 |al of HPLC grade water (5 minutes with

10 occasional mixing), briefly centrifuged, and the liquid is removed. .Acetonitrile (-200 |al,

approximately 3 to 4 times the volume of the gel particles) is added followed by incubation

at room temperature for 10 to 15 minutes with vortexing. A second acetonitrile wash may

be required to completely dehydrate the gel particles. The sample is briefly centrifuged and

all the liquid is removed.

15 The protein in the gel particles is reduced at 50 degrees Celsius using 10 naM

dithiothreitol (in 100 mM anmionium bicarbonate) for 30 minutes and then alkylated at

room temperature in the dark using 55 mM iodoacetamide (in 100 mM ammonium

bicarbonate). The gel particles are rinsed with a minimal volxmie of 100 mM ammonium

bicarbonate before a trypsin (50 mM ammonium bicarbonate, 5 m$A CaCl2, and 12.5 ng/|il

20 trypsin) solution is added. The gel particles are left on ice for 30 to 45 minutes (after 20

minutes incubation more trypsin solution is added). The excess trypsin solution is removed

and 10 to 15 jal digestion buffer without trypsin is added to ensure the gel particles remain

hydrated diuing digestion. The samples are digested overnight at 3TC.

The following day, the supematant is removed firom the gel particles. The peptides

25 are extracted from the gel particles with 2 changes of 100 |liL of 100 mM anmionium

bicarbonate with shaking for 45 minutes and pooled with the initial gel supematant. The

extracts are acidified to 1% (v/v) with 100% acetic acid.

(a) Method One for Purification of Tryptic Peptides

The tryptic peptides are purified with a CI 8 reverse phase resin. 250 ^iL of dry

30 resin is washed twice with methanol and twice with 75% acetonitrile/1% acetic acid, A 5:1

slurry of solvent : resin is prepared with 75% acetonitrile/1% acetic acid. To the extracted

peptides, 2 i^L of the resin slurry is added and the solution is shaken at moderate speed for

30 minutes at room temperature. The supematant is removed and replaced witihi 200 \iL of
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2% acetoiiitrile/1% acetic acid and shaken for 5-15 minutes with moderate speed. The

supernatant is removed and the peptides are eluted from the resin with 15 |J,L of 75%

acetonitrile/1% acetic acid with shaking for about 5 minutes. The peptide and slurry

mixture is applied to a filter plate and centrifuged for 1-2 minutes at 1000 rpm, the filtrate is

5 collected and stored at --70'^C until use.

(b) Method Two for Purification of Tryptic Peptides

Altematively, the tryptic peptides may be purified using ZipTipcis (Millipore, Cat #

ZTC18S960). The ZipTips are first pre-wetted by aspirating and dispensing 100%

methanol 5 times. The tips are then washed with 2% acetonitrile/1% acetic acid (5 times),

10 followed by 65% acetonitrile/1% acetic (5 times) and returned to 2% acetonitrile/1% acetic

acid (5 times). The ZipTips are replaced in their rack and the residual solvent is eliminated.

The ZipTips are washed again with 2% acetonitrile/1% acetic acid (5 times). The digested

peptides are bound to the ZipTips by aspirating and dispensing the samples 5 times. Salts

are removed by washing ZipTips with 2% acetonitrile/1% acetic acid (5 times). 10 |aL of

15 65% acetonitrile/1% acetic acid is collected by the ZipTips and dispensed into a 96-well

microtitire plate. 1 \xL of sample and 1 |xL of matrix are spotted on a MALDI-TOF sample

plate for analysis.

EXAMPLE 14 Mass Spectrometric Analysis ofInteracting Proteins

20 (a) Method One for Analysis of Tryptic Peptides

Analytical samples containing tryptic peptides are subjected to Matrix Assisted

Laser Desorption/Ionization Time Of Flight (MALDI-TOF) mass spectrometry. Samples

axe mixed 1 : 1 with a matrix of a-cyano-4-hydroxy-^ra/25-cirmamic acid. The sample/matrix

mixture is spotted on to the MALDI sample plate with a robot. The sample/matrix mixture

25 is allowed to dry on the plate and is then introduced into the mass spectrometer. Analysis

of the peptides in the mass spectrometer is conducted using both delayed extraction mode

and an ion reflector to ensure high resolution of the peptides.

Internally-calibrated tryptic peptide masses are searched against both in~house

proprietary and pubhc databases using a correlative mass matching algorithm. Statistical

30 analysis is performed on each protein match to determine its validity. Typical search

constraints include error tolerances within 0.1 Da for monoisotopic peptide masses and

carboxyamidomethylation of cysteines. Identified proteins are stored automatically in a

relational database with software links to SDS-PAGE images and ligand sequences.
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(b) Method Two for Analysis of Tryptic Peptides

Alternatively, samples containing tryptic peptides are analyzed with an ion trap

instrument. The peptide extracts are first dried down to approximately 1 jliL of liquid. To

this, 0.1% trifluoroacetic acid (TFA) is added to make a total volume of approximately 5

5 ixL, Approximately 1-2 |xL of sample are injected onto a capillary column (C8, 150 |Lim ID,

15 cm long) and run at a flow rate of 800 nL/min. using the following gradient program:

Time (minutes) % Solvent A % Solvent B
0 95 5

30 65 35

40 20 80

41 95 5

Where Solvent A is composed of water/0.5% acetic acid and Solvent B is

acetonitrile/0.5% acetic acid. The majority of the peptides will elute between the 20-40 %
10 acetonitrile gradient. Two types of data from the eluting HPLC peaks are acquired with the

ion trap mass spectrometer. In the MS^ dimension, the mass to charge range for scanning is

set at 400-1400 - this will determine the parent ion spectrum. Secondly, the instrument has

MS^ capabilities whereby it will acquire fragmentation spectra of any parent ions whose

intensities are detected to be greater than a predetermined threshold (Mann and Wilm, Anal

15 Chem 66(24): 4390-4399 (1994)). A significant amount ofinformation is collected for each

protein sample as both a parent ion spectrum and many daughter ion spectra are generated

with this instrumentation.

All resixlting mass spectra are submitted to a database search algorithm for protein

identification. A correlative mass algorithm is utilized along with a statistical verification

20 of each match to identify a protein's identification (Ducret A, et al.. Protein Sci 7(3): 706-

719 (1998)). This method proves much more robust than MALDI-TOF mass spectrometry

for identifying the components ofcomplex mixtures ofproteins.

The results of the interaction studies for certain of the subject polypeptides are set

forth in the applicable Table contained in the Figures.

25

EXAMPLE 15NMR Analysis

Purified protein sample is centrifuged at 13,000 rpm for 10 minutes with a bench-

top microcentrifuge to eliminate any precipitated protein. The supernatant is then

transferred into a clean tube and the sample volume is measured. If the sample volume is

30 less than 450 an appropriate amoimt of crystal buffer is added to the sample to reach that
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volume. Then 50 of D2O (99.9%) is added to the sample to make an NMR sample of

500 |j,L The usual concentration of the protein sample is usually approximately 1 manol or

greater.

NMR screening experiments are perfomied on a Bruker AV600 spectrometer

5 equipped with a cryoprobe, or other equivalent instrumentation. All spectra are recorded at

IS^'C. Standard ID proton pulse sequence with presaturation is used for ID screening.

Normally, a sweepwidth of 6400 Hz, and eight or sixteen scans are used, although different

pulse sequences are known to those of skill in the art and may be readily determined. For
1 15H, N HSQC experiments, a pulse sequence with "flip-back" water suppression may be

10 used. Typically, sweepwidths of 8000 Hz and 2000 Hz are used for F2 and Fl dimension,

respectively. Four to sixteen scans are normally adequate. The data is then processed on a

Sim Ultra 5 computer with NMRpipe software.

EXAMPLE 16X-ray Crystallography

(a) Crystallization

15 Subsequent to purification, a subject polypeptide is centriftiged for 10 minutes at

and at 14,000 rpm in order to sediment any aggregated protein. The protein sample is

then diluted in order to provide multiple concentrations for screening.

Two 96 well plates (Nunc) are employed for the initial crystal screen, with 48

potential crystallization conditions. The screening library has crystaUization conditions

20 found in Hampton Research Crystal Screen I (Jankarik, J. and S.H. Kim, J. Appl. Cryst.,

1991. 24:409-11), Hampton Research Crystal Screen 11, Hampton Crystal Screen I-Lite,

and from Emerald Biostructures, Inc., Bainbridge Island, WA, Wizard I, Wizard 11, Cryo I

and Cryo H. Alternatively, other conditions known to those of skill in the art, including

those provided in screening kits available from other companies, may also be tested.

25 Conditions are tested at multiple protein concentrations and at two temperatures (4

and 20°C). Crystal setups may be performed by a liquid handling robot appropriately

programmed for sitting drop experiments. The robot loads 50 jiil of buffer into each

screening well on a 24 or 96 well sitting drop crystal screen tray, and then loads 1 - 5 |al of

protein into each drop reservoir to be screened on the plate. Subsequently, the robot loads

30 1.5 |j,l of the corresponding screening solution into the drop reservoir atop the protein. The

plate is then sealed using transparent tape, and stored at 4 or 20°C. Each plate is observed

two days, two weeks, and 1 month after being set. Alternatively, screens may be performed

using 0.1 - 10 |al drops suspended at the interface of two immiscible oils. The protein
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containing solution has a density intermediate between the two oils and thus floats between

them (Chayen N.E.: 1996, Protein Eng, 9:927-29). This procedure may be performed in an

automated fashion by an appropriately programmed liquid handling robot, with additional

steps being required initially to introduce the oils. No tape is added to facilitate gradual

5 drying out of the drop to promote crystallization.

Having identified conditions that are best suited for further crystal refinement,

subsequent plates are set up to explore the affects of variables such as temperature, pH, salt

or PEG concentration on crystal size and form, with the intent of establishing conditions

where the protein is able to form crystals of suitable size and morphology for diffraction

10 analysis. Each refinement is performed in the sitting drop format in a 24 well Lindbro

plate. Each well in the tray contains 500 fxl of screening solution, and a 1.5 |iil drop of

protein diluted with 1.5 |al of the screening solution is set to hang from the siliconized glass

cover slip covering the well, Altematively, refinement steps may be performed using either

the machine 96 well plate hanging drop method or the oil suspetision method described

1 5 above.

Crystallization results for one or more polypeptides of the invention are set forth in

the applicable Table contained in the Figures,

(b) Co-Crystallization

A variety of methods known in the art may be used for preparation of co-crystals

20 comprising the subject polypeptides and one or more compounds that interact with the

subject polypeptides, such as, for example, an inhibitor, co-factor, substrate,

polynucleotide, polypeptide, and/or other molecule. In one exemplary method, crystals of

the subject polypeptide may be soaked, for an appropriate period of time, in a solution

containing a compound that interacts with a subject polypeptide. In another method,

25 solutions of the subject polypeptide and/or compound that interacts with the subject

polypeptide may be prepared for crystallization as described above and mixed into the

above-described sitting drops. In certain embodiments, the molecule to be co-crystallized

with the subject polypeptide may be present in the buffer in the sitting drop prior to addition

of the solution comprising the subject polypeptide. In other embodiments, the subject

30 polypeptide may be mixed with another molecule before adding the mixture to the sitting

drop. Based on the teachings herein, one of skill in the art may determine the co-

crystallization method yielding a co-crystal comprising the subject polypeptide.
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Co-crystallization results for one or more polypeptides of the invention are set forth

in the applicable Table contained in the Figures.

(c) Heavy Atom Substitution

For preparation of crystals containing heavy atoms, crystals of the subject

5 polypeptide may be soaked in a solution of a compound containing the appropriate heavy

atom for such period as time as may be experimentally determined is necessary to obtain a

useful heavy atom derivative for x-ray piuposes. Likewise, for other compounds that may

be of interest, including, for example, inhibitors or other molecules that interact with the

subject polypeptide, crystals of the subject polypeptide may be soaked in a solution of such

10 compound for an appropriate period oftime.

(d) Data collection and processing

Before data collection may commence, a protein crystal is JSrozen to protect it jfrom

radiation damage. This is accomplished by suspending the crystal in a loop (purchased

from Hampton Research) in a stream of dry nitrogen gas at approximately 100 K. The

15 crystals are protected from damage caused by formation of ice crystals (within the lattice or

in the liquid surrounding the crystal) upon freezing by supplementing the crystal growth

solution with the appropriate cryo-protecting chemical. In some instances, crystals will

grow in conditions that provide good cryo-protection, allowing the crystals to be frozen

without fiirther modification. Li other instances, cryo-protection is achieved by

20 supplementing the crystal growth solution with one or more of the following: 30%

volume/volume MPD; L2M Na citrate; 30% PEG 400; 4.0M Na Formate; 15% glycerol;

15% ethylene glycol. Alternatively, data may be collected from crystals placed in a thin

walled glass capillary and sealed at both ends to protect the crystal from dehydration.

In some cases, data collection is done at the Com-CAT beam-line at the Advanced

25 Photon Source, using a charged coupled device detector. The oscillation method is used.

Data is collected for three different wavelengths corresponding to the maximimi of

anomalous scattering for the appropriate heavy atom, such as selenium, the inflection point

and a high energy remote wavelength. Altematively, data may be collected at only one

wavelength corresponding to the maximimi of anomalous scattering, with data being

30 collected over a larger range of oscillation angles.

In other cases, data collection is performed in house using a Bruker AXS Protexrai R

diffractometer. This machine includes a copper rotating anode, Osmic confocal focusing
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Optics and a charge coupled device detector. This data is collected using Cu Ka radiation

with a wavelength of L54 A, using the oscillation method.

In some instances, data processing is done using the program HKL2000 and data

scaling in Scalepack (Z. Otwinowski and W. Minor, Methods in Enzymology vol. 276

5 p307-326. Academic press). Or, as an alternative, data processing is done using the

program Mosfilm and scaling in Scala (Diederichs, K. & Karplus, P. A., Nature Structural

Biology, 4, 269-275, 1997),

After scaling, a computer file is obtained which contains the space group, xmit cell

parameters, and the index, intensity and sigma value for each reflection unique

10 symmetrically. This information forms the raw input of structure determination.

(e) Heavy atom substracture, phasing.

Anomalous scattering sites are found using automated anomalous difference

Patterson methods in the program CNX (Briinger AT, Adams PD, Clore GM, DeLano WL,

Gros P, Grosse-Kvmstleve RW, Jiang JS, Kuszewski J, Nilges M, Pamiu NS, Read RJ, Rice

15 LM, Simonson T, Warren GL. Acta Crystallogr. D 1998 54 pp 905-21). Alternatively,

anomalous scattering sites are found using by real / reciprocal space cycling searches as

implemented in shake-and-bake (Weeks CM, DeTitta GT, Hauptman HA, Thuman P,

MillerR Acta CrystallogrA 1994; V50: 210-20).

Heavy atom substructure refinement, phase calculation and map calculation are

20 performed in CNX (Briinger AT, et. al. Acta Crystallogr. D 1998 54 pp 905-21), as are

density modification (including solvent flipping and non-crystallographic symmetry

averaging). In some instances density modijBlcation is performed in programs of the CCP4

suite including DM (Collaborative Computational Project, Nmnber 4. 1994. Acta Cryst.

D50, 760-763).

25 The initial protein model may be built in the program TURBO or O. In this process,

the crystallographer displays the electron density map on a graphics terminal and interprets

the observed density in terms of amino acid residues in the appropriate sequence.

Alternatively, QUANTA may be used, which provides an environment for semi-automated

model building (Oldfield, TJ. Acta Crystallogr D 2001; 57:82-94).

30 In certain circumstances, the electron density is fully and automatically interpreted

in terms of a polypeptide chain using MAID (Levitt, D. G., Acta Crystallogr D 2001

V57:1013-9) or wARP (Perrakis, A., Morris, M. & Lamzin, V. S.; Nature Structural

Biology, 1999 V6: 458-463).
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(f) Molecular replacement

In cases where an atomic model sufficiently similar to the structure in question is

available, structure solution may proceed by molecular replacement (Rossmmm M. G., Acta

Crystallogr. A 1990; V46: 73-82). An appropriate search model is identified on the basis of

5 sequence similarity to a suitable target molecule for which a known structure exists in the

RCSB protein structure database (http://www.rcsb.org/pdb) or some other (potentially

proprietary) database. Alternatively, the molecular replacement solution may be found

using genetic algorithms that simultaneously search rotation and translation space, as is

done by EPMR (Kissinger CR, Gehlhaar DK, Fogel DB. Acta Crystallogr D 1999; 55: 484-

10 491). The appropriately positioned model may then be refined using rigid body refinement

techniques in CNX. This model is then used to calculate model phases, which after solvent

flipping in CNX, is used to calculate a map. This map is then used to rebuild the model to

better reflect the electron density.

(g) Structure Refinement

15 The atomic model built by the crystallographer may be used, via theoretical models

of how atoms scatter x-rays, to predict the diffraction intensities such a molecule would

produce. These predictions can then be compared to the experimpntally observed data,

allowing the calculation of goodness of fit statistics such as the R-factor. Another

important statistic is the R-free, a cross-correlated R-factor calculated using data that has

20 been excluded from model refinement from the beginning. This statistic is free of model

bias and can be used, for example, as an objective judge as whether the introduction of

extra degrees of freedom into the model is justified (Brunger AT, Clore GM, Gronenbom

AM, Saffiich R, Nilges M. Science 1993;261: 328-31). The model was then iteratively

perturbed computationally to maximize the probability that the observed data was produced

25 by the model, as well as to optimize model geometry (as embodied in an energy term) in the

process known as refinement. Pragmatically, in order to maximize the computational

efficiency convergence radius of refinement, simulated annealing refinement using torsion

angle dynamics (in order to reduce the degrees of freedom of motion of the model) (Adams

PD, Pannu NS, Read RJ, Brunger AT, Acta Crystallogr. D 1999; V55: 181-90).

30 Alternatively, refinement may be performed in the CCP4 program REFMAC, which uses

similar procedures (Murshudov, G. N., Vagin, A. A. & Dodson, E. J. (1997). Acta Cryst.

D53, 240-253).
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Experimental phase information from a MAD experiment may be collected and may

be utilized as an additional restraint in the refinement as Hendrickson-Lattman phase

probability targets. Individual or group temperature factor refinements may also be

performed in CNX.

5 Automatic water picking routines (implemented in the same package) may be

employed to find well ordered solvent molecules, the inclusion of which is justified by a

reduction in R-fi:ee.

EXAMPLE 17Annotations

10 The functional annotation for each of the subject amino acid sequences (predicted)

is arrived at by comparing the amino acid sequence of the ORF against all available ORFs

in the NCBI database using BLAST. The closest match is selected to provide the probable

function of each of the subject amino acid sequences (predicted). Results of this

comparison are described above and set forth in the applicable Table contained in the

15 Figures.

The COGs database (Tatusov RL, Koonin EV, Lipman DJ. Science 1997; 278

(5338) 631-37) classifies proteins encoded in twenty-one completed genomes on the basis

of sequence similarity. Members of the same Cluster of Orfhologous Group, ("COG"), are

expected to have the same or similar domain architecture and the same or substantially

20 similar biological activity. The database may be used to predict the function of

imcharacterised proteins through their homology to characterized proteins. The COGs

database may be searched from NCBI's website (http://www.ncbi.nlm.nih.gov/COG/) to

determine functional annotation descriptions, such as "information storage and processing"

(translation, ribosomal structure and biogenesis, transcription, DNA replication,

25 recombination and repair); "cellular processes" (cell division and chromosome partitioning,

post-translational modification, protein turnover, chaperones, cell envelope biogenesis,

outer membrane, cell motility and secretion, inorganic ion transport and metaboUsm, signal

transduction mechanisms); or "metabolism" (energy production and conversion,

carbohydrate transport and metabolism, amino acid transport and metabolism, nucleotide

30 transport and metabohsm, coenzyme metabolism, lipid metabolism). For certain

polypeptides, there is no entry available. Results of this analysis are described above and

set forth in the applicable Table contained in the Figures.
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EXAMPLE 18 Essential Gene Analysis

Each of the subject amino acid sequences (predicted) is compared to a nimiber of

pubUcly available "essential genes" hsts to determine whether that protein is encoded by an

essential gene. An example of such a list is descended from a free release at the

www.shigen.nig.ac.iD PEC (profiling of E, coll chromosome) site,

http://www.shigen.nig.ac.ip/ecoli/pec/ . The list is prepared as follows: a wildcard search

for all genes in class "essential" yields the list of essential E, coli proteins encoded by

essential genes, which number 230. These 230 hits are pruned by comparing against an

NCBI E, coli genome. Only 216 of the 230 genes on the Ust are found in the NCBI
genome. These 216 are termed the essential-216-ecoU list. The essential-216-ecoU Ust is

used to gamer "essential" genes lists for other microbial genomes by blasting. For instance,

formatting the 216-ecoU as a BLAST database, then BLASTing a genome (e.g. S, aureus)

against it, elucidates all S. aureus genes with significant homology to a gene in the 216-

essential list. Each of the subject amino acid sequences (predicted) is compared against the

appropriate list and a match with a score of e^^^ or better is considered an essential gene

according to that Ust. In addition to the list described above, other hsts of essential genes

are publicly available or may be determined by methods disclosed publicly, and such lists

and methods are considered in deciding whether a gene is essential. See, for example,

Thanassi et al., Nucleic Acids Res 2002 Jul 15;30(14):3 152-62; Forsyth et al., Mol

Microbiol 2002 Mar;43(6): 1387-400; Ji et al.. Science 2001 Sep 21;293(5538):2266-9;

Sassetti et al., Proc Natl Acad Sci U S A 2001 Oct 23;98(22): 12712-7; Reich et al., J

Bacteriol 1999 Aug;181(16):4961-8; Akerley et al., Proc Natl Acad Sci U S A 2002 Jan

22;99(2):966-71). Also, other methods are known in the art for determing whether a gene

is essential, such as that disclosed in U.S. Patent Application No. 10/202,442 (filed July 24,

2002). The conclusion as to whether the gene encoding a subject amino acid sequence

(predicted) is essential is set forth in the applicable Table contained in the Figures.

EXAMPLE 19PDB Analysis

Each of the subject amino acid sequences is compared against the amino acid

sequences in a database of proteins whose structures have been solved and released to the

PDB (protein data bank). The identity/information about the top PDB homolog (most

similar "hit", if any; a PDB entry is only considered a hit if the score is e""^ or better) is

annotated, and the percent similarity and identity between a subject amino acid sequence
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(predicted) and the closest hit is calculated, with both being indicated in the applicable

Table contained in the Figures.

EXAMPLE 20 Virtual Genome Analysis

5 VGDB or VG is a queryable collection of microbial genome databases annotated

with biophysical and protein information. The organisms present in VG include:

File GRAM Species Source Genomefile date

ecoli.faa G- Escherichia coli NCBI November 18 1998

hpyl.faa G- Helicobacterpylori NCBI April 19 1999

Pseudomonas
paer.faa G- aeruginosa NCBI September 22 2000

ctra.faa G- Chlamydia trachomatis NCBI December 22 1999

hinf.faa G- Haemophilus influenzae NCBI November 26 1999

imien.faa G- Neisseria meningitidis NCBI December 28 2000

rpxx.faa G- Rickettsia prowazekii NCBI December 22 1999

bbur.faa G- Borrelia burgdorferi NCBI November 11 1998

bsub.faa GH" Bacillus subtilis NCBI December 1 1999

staph,faa G+ Staphylococcus aureus TIGR March 8 2001

Streptococcus

spne.faa G+ pneumoniae TIGR February 22 2001

mgen.faa G+ Mycoplasma genitalium NCBI November 23 1999

efae.faa G+ Enterococcusfaecalis TIGR March 8 2001

The VGDB comprises 13 microbial genomes, annotated with biophysical

information (pi, MW, etc), and a wealth of other information. These 13 organism genomes

10 are stored in a single flatfile (the VGDB) against which PSI-blast queries can be done.

Each of the subject amino acid sequences (predicted) is queried against the VGDB

to determine whether this sequence is found, conserved, in many microbial genomes. There

are certain criteria that must be met for a positive hit to be retumed (beyond the criteria

inherent in a basic PSI-blast). When an ORF is queried it may have a maximum of 13 VG-

15 organism hits. A hit is classified as such as long as it matches the following criteria:

Minimum Length (as percentage of query length): 75 (Ensure hitprotein is at least 75% as

lojtg as quefy); Maximum Length (as percentage of query length): 125 (Ensure hit protein

is no more than 125% as long as query)], eVal:-10 (Ensure hit has an e- Value of e-10 or

better); Id%:>:25 (Ensure hit protein has at least 25% identity to query). The e-Value is a

20 standard parameter of BLAST sequence comparisons, and represents a measure of the

similarity between two sequences based on the likelihood that any similarities between the

two sequences could have occurred by random chance alone. The lower the e-Value, the
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less likely that the similarities could have occurred randomly and, generally, the more

similar the two sequences are. The organisms having positive hits based on the foregoing

for each of the subject amino acid sequences (predicted) are listed in the applicable Table

contained in the Figures.

5

EXAMPLE 21 Epitopic Regions

The three most likely epitopic regions of each of the subject amino acid sequences

(predicted) are predicted using the semi-empirical method of Kolaskar and Tongaorikar

(FEES Letters 1990 v276 172-174), the software package called Protean (DNASTAR), or
1

10 MacVectors's Protein analysis tools (Accerlyrs). The antigenic propensity of each amino

acid is calculated by the ratio between frequency of occurrence of amino acids in 169

antigenic determinants experimentally determined and the calculated frequency of

occurrence of amino acids at the surface of protein. The results of these bioinformatics

analyses are presented in the applicable Table contained in the Figures.

15

EQUIVALENTS

The present invention provides among other things, proteins, protein structures and

protein-protein interactions. While specific embodiments of the subject invention have

been discussed, the above specification is illustrative and not restrictive. Many variations

20 of the invention will become apparent to those skilled in the art upon review of this

specification. The fijtU scope of the invention should be determined by reference to the

claims, along with their fiiU scope of equivalents, and the specification, along with such

variations.

All publications and patents mentioned herein, including those items listed below,

25 are hereby incorporated by reference in their entirety as if each individual publication or

patent was specifically and individually indicated to be incorporated by reference. In case

of conflict, the present apphcation, including any definitions herein, will control. To the

extent that any U.S. Provisional Patent Applications to which this patent application claims

priority incorporate by reference another U.S. Provisional Patent Application, such other

30 U.S. Provisional Patent Application is not incorporated by reference herein imless this

patent application expressly incorporates by reference, or claims priorty to, such other U.S.

Provisional Patent Application.
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Also incorporated by reference in their entirety are any polynucleotide and

polypeptide sequences which reference an accession number correlating to an entry in a

pubUc database, such as those maintained by The Institute for Genomic Research (TIGR)

(www.tigr.org) and/or the National Center for Biotechnology Information (NCBI)

5 (www.ncbi.nlm.nih.gov).

Also incorporated by reference are the following: WO 00/45168, WO 00/79238,

WO 00/77712, EP 1047108, BP 1047107, WO 00/72004, WO 00/73787, WOOO/67017,

WO 00/48004, WO 01/48209, WO 00/45168, WO 00/45164, U.S.S.N. 09/720272;

PCT/CA99/00640; U.S. Patent AppUcation Nos: 10/097125 (filed March 12, 2002);

10 10/097193 (filed March 12, 2002); 10/202442 (filed July 24, 2002); 10/097194 (filed

March 12, 2002); 09/671817 (filed September 17, 2000); 09/965654 (filed September 27,

2001); 09/727812 (filed November 30, 2000); 60/370667 (filed April 8, 2002); a utility

patent application entited "Methods and Appartuses for Purification" (filed September 18,

2002) ; U.S. Patent Numbers 6451591; 6254833; 6232114; 6229603; 6221612; 6214563;

15 6200762; 6171780; 6143492; 6124128; 6107477; D428157; 6063338; 6004808; 5985214;

5981200; 5928888; 5910287; 6248550; 6232114; 6229603; 6221612; 6214563; 6200762;

6197928; 6180411; 6171780; 6150176; 6140132; 6124128; 6107066; 6270988; 6077707;

6066476; 6063338; 6054321; 6054271; 6046925; 6031094; 6008378; 5998204; 5981200;

5955604; 5955453; 5948906; 5932474; 5925558; 5912137; 5910287; 5866548; 6214602;

20 5834436; 5777079; 5741657; 5693521; 5661035; 5625048; 5602258; 5552555; 5439797;

5374710; 5296703; 5283433; 5141627; 5134232; 5049673; 4806604; 4689432; 4603209;

6217873; 6174530; 6168784; 6271037; 6228654; 6184344; 6040133; 5910437; 5891993;

5854389; 5792664; 6248558; 6341256; 5854922; and 5866343.

Jelakovic, S. and Schulz, G. E. (2002) Biochemistry 41:1174-1181; Hogenauer, G.

25 et al. (1995) Journal ofBacteriology 177:4488-4500; and Jelakovic, S. and Schulz, G. E.

(2001) Journal ofMolecular Biology 3 12:143-155.

Bugg, T. D., and Walsh, C. T. (1992) Nat. Prod. Rep. 9, 199-215; and van

Heijenoort, J. (1998) Cell Mol. Life Sci. 54, 300-304.

Benson TE, et al. (1996) Structure 15, 47-54.

30 Auger et al.. Protein Expr. Purif. 13: 23-9 (1998); Bertrand, et al., EMBO J. 16:

3416-25 (1997); Bertrand, et al., J. Mol. Biol. 301: 1257-66 (2000); Bertrand, et al., J. Mol.

Biol. 289: 579-90 (1999); Bouhss et al.. Biochemistry 38: 12240-12247 (1999); El-

Sherbeini et al.. Gene 27: 117-25 (1998); Walsh et al., J. Bact. 181: 5395-5401 (1999); WO
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9923241; WO 01070955; WO 0149775; EP 786519; 6030996; 6037123; 6187541;

6228588; 6211161; WO 9917794

Ellsworth BA, Tom NJ, Bartlett PA. 1996 Chem Biol 3:37-44; Lugtenberg, E. J. J.,

L. de Haas-Menger, and W. H. M. Ruyters 1972. J.Bacteriol. 109:326-33513; Matsuzawa,

5 H., M. Matsuhashi, A. Oka, and Y. Sugino. 1969. Biochem. Biophys. Res. Conimun.

36:682-689; Miyakawa, T., H, Matsuzawa, M. Matsuhashi, and Y. Sugino. 1972. J.

Bacteriol. 112:950-958; Walsh CT (1989) J Biol Chem 264:2393-2396; Shi Y, Walsh CT

(1995) J Bacteriol Biochemistry 34: 2768-2776; Reynolds PE (1989) Mol Gen Genet

224:364 372; Eur J Clin Microbiol Infect Dis 8:943-950; Billot-Klein D, Gutmann L, Sable

10 S, Guittet E, van Heijenoort J (1994) J Bact^iol 176:2398-2405; Reynolds PE, Snaith HM,

Maguire AJ, Dutka-Malen S, Courvalin P (1994) Biochem J 301:5-8; Bugg TDH, Wright

GD, Dutka-Malen S, Arthur M, CourvaUn P, Walsh CT (1991) J Bacteriol 176:260-264;

and Fan C, Moews PC, Walsh CT, Knox JR (1994) Science 266:439-443.

Olsen, L. R., et al. (2001) Acta Crystallographica. D57, 296-297; Mengin-

15 Lecreulx, D. et al. (2001) The Journal ofBiological Chemistry. 276, 3833-3839; Bourne,

Y. etal. (2001) The Journal of Biological Chemistry. 276, 11844-11851; and Roderick,

S. L. and Olsen, L. R. (2001) Biochemistry. 40,1913-1921.

Karsten, W. E., et al (1991) Biochim. Biophys. Acta 1077: 209-219; Hadfield, A., et

al. (1999). J. Mol. Biol. 289: 991-1002; Hadfield, A., et al. (2001) Biochemistry 40: 14475

20 - 14483; Cox, R. J., et al. (2002) ChemBioChem 3: 874-886; Blanco, J., et al. (2003)

Protein Science 12: 27-33.
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1 . A composition comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 5 or SEQ ID

NO: 7; (b) an amino acid sequence having at least about 95% identity with the amino acid

sequence set forth in SEQ ID NO: 5 or SEQ ID NO: 7; or (c) an amino acid sequence

encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 4 or SEQ ID NO: 6 and has

at least one biological activity of UDP-N-acetylglucosamine 1-carboxyvinyl transferase 1

from P. aeruginosa^ and wherein the polypeptide of (a), (b) or (c) is at least about 90% pure

in a sample ofthe composition.

2. The composition of claim 1, wherein the polypeptide is at least about 95% pure as

determined by gel electrophoresis.

3. The composition of claim 1, wherein the polypeptide is purified to essential

homogeneity.

4. The composition of claim 1, wherein at least about two-thirds of the polypeptide

in the sample is soluble.

5. The composition of claim 1, wherein the polypeptide is fused to at least one

heterologous polypeptide that increases the solubiUty or stability of the polypeptide.

6. The composition of claim 1, which further comprises a matrix suitable for mass

spectrometry.

7. The composition of claim 6, wherein the matrix is a nicotinic acid derivative or a

ciimamic acid derivative.

8. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 5 or SEQ ID

NO: 7; (b) an amino acid sequence having at least about 95% identity with the amino acid

sequence set forth in SEQ ID NO: 5 or SEQ ID NO: 7; or (c) an amino acid sequence

encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 4 or SEQ ID NO: 6 and has

at least one biological activity of UDP-N-acetylglucosamine 1-carboxyvinyl transferase 1

from P. aeruginosa^ and wherein the polypeptide of (a), (b) or (c) is labeled with a heavy

atom.
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9. The sample of claim 8, wherein the heavy atom is one of the following: cobalt,

selenium, krypton, bromine, strontium, molybdenum, ruthenium, rhodium, palladium,
silver, cadmium, tin, iodine, xenon, barium, lanthanum, cerium, praseodymium,
neodymium, samarium, europium, gadoUnium, terbium, dysprosium, holmium, erbium,
thulium, ytterbium, lutetium, tantalum, tungsten, rhenium, osmium, iridium, platinum, gold,

mercury, thallium, lead, thorium and uranium.

10. The sample of claim 8, wherein the polypeptide is labeled with seleno-

methionine.

1 1
.
The sample of claim 8, further comprising a cryo-protectant.

12. The sample of claim 11, wherein the cryo-protectant is one of the following:

methyl pentanediol, isopropanol, ethylene glycol, glycerol, formate, citrate, mineral oil and
a low-molecular-weight polyethylene glycol.

13. A crystallized, recombinant polypeptide comprising: (a) an amino acid sequence
set forth in SEQ ID NO: 5 or SEQ ID NO: 7; (b) an amino acid sequence having at least

about 95% identity with the amino acid sequence set forth in SEQ ID NO: 5 or SEQ ID
NO: 7; or (c) an amino acid sequence encoded by a polynucleotide that hybridizes under
stringent conditions to the complementary strand of a polynucleotide having SEQ ID NO: 4
or SEQ ID NO: 6 and has at least one biological activity of UDP-N-acetylglucosamine 1-

carboxyvinyl transferase 1 from P. aeruginosa; wherein the polypeptide of (a), (b) or (c) is

in crystal form.

14. A crystallized complex comprising the crystallized, recombinant polypeptide of
claun 13 and a co-factor, wherein the complex is in crystal form.

15. A crystallized complex comprising the ciystalUzed. recombinant polypeptide of
claim 13 and a small organic molecule, wherein the complex is in crystal form.

16. The crystallized, recombinant polypeptide of claim 13, which diffracts x-rays to

a resolution of about 3.5 A or better.

17. The crystalhzed, recdmbmant polypeptide of claim 13, wherein the polypeptide
comprises at least one heavy atom label.

18. The crystallized, recombinant polypeptide of claim 17, wherein the polypeptide
is labeled with seleno-methionine.

19. A method for designing a modulator for the prevention or treatment of P.

aeruginosa related disease or disorder, comprising:
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(a) providing a three-dimensional structure for a crystallized, recombinant
polypeptide ofclaim 13;

(b) identifying a potential modulator for the prevention or treatment of P.

aeruginosa related disease or disorder by reference to the three-dimensional structure;

(c) contacting a polypeptide of the composition of claim 1 or P. aeruginosa with the
potential modulator; and

(d) assaying the activity of the polypeptide or determining the viability of P.
aeruginosa after contact with the modulator, wherein a change in the activity of the

polypeptide or the viabiUty ofP aeruginosa indicates that the modulator may be useful for

prevention or treatment of a P. aeruginosa related disease or disorder.

20. A sample comprising an isolated, recombinant polypeptide, wherein the
polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 5 or SEQ ID
NO: 7; (b) an amino acid sequence havmg at least about 95% identity with the amino acid
sequence set forth in SEQ ID NO: 5 or SEQ ID NO: 7; or (c) an amino acid sequence
encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 4 or SEQ ID NO: 6 and has
at least one biological activity of UDP-N-acetylglucosamine 1-carboxyvinyl transferase 1

fromP aeruginosa; and wherein the polypeptide of (a), (b) or (c) is enriched in at least one
NMR isotope.

21. The sample of claim 20, wherein the NMR isotope is one of the following:

hydrogen-1 (^H), hydrogen-2 (^H), hydrogen-3 (^H), phosphorous-3 1 (^'P), sodium-23
(''Na), nitrogen-14 (}^, ni1rogen-15 (^^N), carbon-13 ("C) and fluorine-19 (^^F).

22. The sample of claim 20, further comprising a deuterium lock solvent.

23. The sample of claim 22, wherein the deuterium lock solvent is one of the
following: acetone (CD3COCD3), chloroform (CDCI3), dichloro methane (CD2CI2),
methyhutrile (CD3CN), benzene (C^D,), water (D2O), diethylether ((CD3CD2)20)'
dimethylether ((CD3)20), N,N-dimethylformamide ((CD3)2NCDO), dimethyl sulfoxidi

(CD3SOCD3), ethanol (CD3CD2OD), methanol (CD3OD), tetrahydrofuran (C4D8O), toluene
(C6D5CD3), pyridine (C5D5N) and cyclohexane (CeHia).

24. The sample of claim 20, which is contained within an NMR tube.

25. A method for identifying small molecules that bind to a polypeptide of the
composition of claim 1, comprising:
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(a) generating a first NMR spectrum of an isotopically labeled polypeptide of the
composition ofclaim 1;

(b) exposing the polypeptide to one or more small molecules;

(c) generating a second NMR spectrum of the polypeptide which has been exposed
5 to one or more small molecules; and

(d) comparing the first and second spectra to detennine differences between the first
and the second spectra, wherein the differences are indicative of one or more small
molecules that have bound to the polypeptide.

26. A host cell comprising a nucleic acid encoding a polypeptide comprising: (a) an
axmno acid sequence set forth in SEQ ID NO: 5 or SEQ ID NO: 7; (b) an amino acid
sequence having at least about 95o/o identity with Hie amino acid sequence set forth in SEQ
ID NO: 5 or SEQ ID NO: 7; or (c) an amino acid sequence encoded by a polynucleotide
that hybridizes under stringent conditions to the complementary strand of a polynucleotide
having SEQ ID NO: 4 or SEQ ID NO: 6 and has at least one biological activity ofUDP-N-
acetylglucosamine 1 -carboxyvinyl transferase 1 from P. aeruginosa; wherein a culture of
the host cell produces at least about 1 mg of the polypq,tide per liter of culture and the
polypeptide is at least about one-third soluble as measured by gel electrophoresis.

27. A composition comprising an isolated, recombinant polypeptide, wherein the
polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 14 or SEQ ID
NO: 16; (b) an amino acid sequence havmg at least about 95% identity with the amino acid
sequence set forth in SEQ ID NO: 14 or SEQ ID NO: 16; or (c) an amino acid sequence
encoded by a polynucleotide that hybridizes under stringent conditions to the
complementary strand of a polynucleotide having SEQ ID NO: 13 or SEQ ID NO- 15 and
has at least one biological activity of UDP-N-acetylglucosamine 1-carboxyvinyltransferase

1 from S. aureus; and wherein the polypeptide of (a), (b) or (c) is at least about 90% pure in
a sample ofthe composition.

28. The composition of claim 27, wherein the polypeptide is at least about 95% pure
as determined by gel electrophoresis.

29. The composition of claim 27, wherein the polypeptide is purified to essential
30 homogeneity.

30. The composition of claim 27, wherein at least about two-thirds of the
polypeptide in the sample is soluble.

20

25
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31. The composition of claim 27, wherein the polypeptide is fused to at least one
heterologous polypeptide that increases the solubility or stability ofthe polypeptide.

32. The composition of claim 27, which further comprises a matrix suitable for mass
spectrometry.

33. The composition of claim 32, wherein the matrix is a nicotinic acid derivative or
a ciimamic acid derivative.

34. A sample comprising an isolated, recombinant polypeptide, wherem the

polypeptide comprises: (a) an ammo acid sequence set forth m SEQ ID NO: 14 or SEQ ID
NO: 16; (b) an amino acid sequence having at least about 95% identity with the amino acid
sequence set forth m SEQ ID NO: 14 or SEQ ID NO: 16; or (c) an amino acid sequence
encoded by a polynucleotide that hybridizes under stringent conditions to the
complementary strand of a polynucleotide having SEQ ID NO: 13 or SEQ ID NO: 15 and
has at least one biological activity of UDP-N-acetylglucosamine 1-carboxyvinyltransferase

1 from & aureus; and wherein the polypeptide of (a), (b) or (c) is labeled with a heavy
atom.

35. The sample of claim 34, wherein the heavy atom is one of the foUowmg: cobalt,

selenium, krypton, bromine, strontium, molybdenum, ruthenium, rhodium, palladium,'

silver, cadmium, tin, iodine, xenon, barium, lanthanum, cerium, praseodymium,'
neodymium, samarium, europium, gadolinium, terbium, dysprosium, hohnium, erbium,'

thuhum, ytterbium, lutetium, tantalum, tungsten, rhenium, osmium, iridium, platinum, gold,'

marcury, thalUum, lead, thorium and uranium.

36. The sample of claim 34, wherein the polypeptide is labeled with seleno-
methionine.

37. The sample ofclaim 34, further comprising a cryo-protectant.

38. The sample of claim 37, wherein the cryo-protectant is one of the following:
methyl pentanediol, isopropanol, ethylene glycol, glycerol, formate, citrate, mineral oil and
a low-molecular-weight polyethylene glycol.

39. A crystallized, recombinant polypeptide comprising: (a) an amino acid sequence
set forth in SEQ ID NO: 14 or SEQ ID NO: 16; (b) an amino acid sequence having at least

about 95% identity with the amino acid sequence set forth m SEQ ID NO: 14 or SEQ ID
NO: 16; or (c) an amino acid sequence encoded by a polynucleotide that hybridizes under
stringent conditions to the complementary strand of a polynucleotide having SEQ ID NO:
13 or SEQ ID NO: 15 and has at least one biological activity ofUDP-N-acetylglucosamine
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l-carboxyvinyltransferase 1 from S. aureus; wherein the polypeptide of (a), (b) or (c) is in

crystal fomai.

40. A crystallized complex comprising the crystalhzed, recombinant polypeptide of
claim 39 and a co-factor, wherein the complex is in crystal form.

41. A crystalUzed complex comprising the crystalUzed, recombinant polypeptide of
claim 39 and a small organic molecule, wherein the complex is in crystal form.

42. The crystallized, recombinant polypeptide of claim 39, which diffracts x-rays to

a resolution of about 3.5 A or better.

43. The crystallized, recombinant polypeptide of claim 39, wherein the polypeptide

comprises at least one heavy atom label.

44. The crystalUzed, recombinant polypeptide of claim 43, wherein the polypeptide

is labeled with seleno-metiiionine.

45. A method for designing a modulator for the prevention or tireatment of 5". aureus

related disease or disorder, comprising:

(a) providing a three-dimensional structure for a crystaUized, recombinant

polypeptide of claim 39;

(b) identifying a potential modulator for the prevention or tireatinent of S. aureus
related disease or disorder by reference to the three-dimensional structure;

(c) contacting a polypeptide of the composition of claim 27 or S. aureus with the

potential modulator; and

aureus
(d) assaying the activity of the polypeptide or determining the viability ofS.

after contact with the modulator, wherein a change m the activity of tiie polypeptide or the

viability of S. aureus indicates that the modulator may be useftil for prevention or tireatment

of a 5". aureus related disease or disorder.

46. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 14 or SEQ ID
NO: 16; (b) an amino acid sequence having at least about 95% identity witii the amino acid

sequence set forlli in SEQ ID NO: 14 or SEQ ID NO: 16; or (c) an amino acid sequence

encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 13 or SEQ ID NO: 15 and
has at least one biological activity of UDP-N-acetylglucosamine l-carboxyvinyltiansferase
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1 from S. aureus; and wherein the polypeptide of (a), (b) or (c) is enriched in at least one

NMR isotope.

47. The sample of claim 46, wherein the NMR isotope is one of the following:

hydrogen-1 (^H), hydrogen-2 (^H), hydrogen-3 (^H), phosphorous-3 1 (^^P), sodium-23

5 (^^Na), nitrogen-14 (^^N), nitrogen-15 (^^N), carbon-13 (^^C) and fluorine-19 (^^F).

48. The sample of claim 46, further comprising a deuteriimi lock solvent.

49. The sample of claim 48, wherein the deuteriimi lock solvent is one of the

following: acetone (CD3COCD3), chloroform (CDCI3), dichloro methane (CD2CI2),

methyhiitrile (CD3CN), benzene (CeDe), water (D2O), diethylether ((CD3CD2)20),

10 dimethylether ((003)20), N,N-dimethylfonnamide ((CD3)2NCDO), dimethyl sulfoxide

(CD3SOCD3), ethanol (CD3CD2OD), methanol (CD3OD), tetrahydrofuran (C4D8O), toluene

(C6D5CD3), pyridine (C5D5N) and cyclohexane (CeH^).

50. The sample ofclaim 46, which is contained within anNMR tube.

5 1 . A method for identifying small molecules that bind to a polypeptide of the

15 composition of claim 27, comprising:

(a) generating a first NMR spectrum of an isotopically labeled polypeptide of the

composition of claim 27;

(b) exposing the polypeptide to one or more small molecules;

(c) generating a second NMR spectrum of the polypeptide which has been exposed

20 to one or more small molecules; and

(d) comparing the first and second spectra to determine differences between the first

and the second spectra, wherein the differences are indicative of one or more small

molecules that have bound to the polypeptide.

52. A host cell comprising a nucleic acid encoding a polypeptide comprising: (a) an

25 amino acid sequence set forth in SEQ ID NO: 14 or SEQ ID NO: 16; (b) an amino acid

sequence having at least about 95% identity with the amino acid sequence set forth in SEQ

ID NO: 14 or SEQ ID NO: 16; or (c) an amino acid sequence encoded by a polynucleotide

that hybridizes under stringent conditions to the complementary strand of a polynucleotide

having SEQ ID NO: 13 or SEQ ID NO: 15 and has at least one biological activity ofUDP-

30 N~acetylglucosamine 1-carboxyvinyltransferase 1 from 5, aureus; wherein a culture of the

host cell produces at least about 1 mg of the polypeptide per liter of culture and the

polypeptide is at least about one-third soluble as measured by gel electrophoresis.
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53. A composition comprising an isolated, recombinant polypeptide comprising: (a)

an amino acid sequence set forth in SEQ ID NO: 23 or SEQ ID NO: 25; (b) an amino acid

sequence having at least about 90% identity with the amino acid sequence set forth in SEQ

ID NO: 23 or SEQ ID NO: 25; or (c) an amino acid sequence encoded by a polynucleotide

5 that hybridizes under stringent conditions to the complementary strand of a polynucleotide

having SEQ ID NO: 22^ or SEQ ID NO: 24 and has at least one biological activity of

CTP:CMP-3-deoxy-D-manno-octulosonate transferase from E, coli; and wherein the

polypeptide of (a), (b) or (c) is at least about 90% pure in a sample of the composition.

54. The composition of claim 53, wherein the polypeptide is at least about 95% pure

10 as determined by gel electrophoresis.

55. The composition of claim 53, wherein the polypeptide is purified to essential

homogeneity.

56. The composition of claim 53, wherein at least about two-thirds of the

polypeptide in the sample is soluble.

15 57. The composition of claim 53, wherein the polypeptide is fused to at least one

heterologous polypeptide that increases the solubiUty or stability ofthe polypeptide.

58. The composition of claim 53, which further comprises a matrix suitable for mass

spectrometry.

59. The composition of claim 58, wherein the matrix is a nicotinic acid derivative or

20 a cinnamic acid derivative.

60. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 23 or SEQ ID

NO: 25; (b) an amino acid sequence having at least about 95% identity with the amino acid

sequence set forth in SEQ ID NO: 23 or SEQ ID NO: 25; or (c) an amino acid sequence

25 encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 22 or SEQ ID NO: 24 and

has at least one biological activity of CTP:CMP-3-deoxy-D-manno-octulosonate transferase

from E, coli; and wherein the polypeptide of (a), (b) or (c) is labeled with a heavy atom.

61. The sample of claim 60, wherein the heavy atom is one of the following: cobalt,

30 selenium, krypton, bromine, strontium, molybdenum, ruthenium, rhodium, palladium,

silver, cadmium, tin, iodine, xenon, barium, lanthanum, cerium, praseodymiimi,

neodymium, samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium,
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thulium, ytterbium, lutetium, tantalum, timgsten, rhenium, osmium, iridium, platinum, gold,

mercury, thallium, lead, thorium and uranium.

62. The sample of claim 60, wherein the polypeptide is labeled with seleno-

methionine.

5 63. The sample ofclaim 60, further comprising a cryo-protectant.

64. The sample of claim 63, wherein the cryo-protectant is one of the following:

methyl pentanediol, isopropanol, ethylene glycol, glycerol, formate, citrate, mineral oil and

a low-molecular-weight polyethylene glycol.

65. A crystalUzed, recombinant polypeptide comprising: (a) an amino acid sequence

10 set forth in SEQ ID NO: 23 or SEQ ID NO: 25; (b) an amino acid sequence havmg at least

about 95% identity with the amino acid sequence set forth in SEQ ID NO: 23 or SEQ ID

NO: 25; or (c) an amino acid sequence encoded by a polynucleotide that hybridizes under

stringent conditions to the complementary strand of a polynucleotide having SEQ ID NO:

22 or SEQ ID NO: 24 and has at least one biological activity of CTP:CMP-3-deoxy-D-

15 maono-octulosonate transferase from E. coli\ wherein the polypeptide of (a), (b) or (c) is in

crystal form.

66. A crystallized complex comprising the crystallized, recombinant polypeptide of

claim 65 and a co-factor, wherein the complex is in crystal form.

67. A crystallized complex comprising the crystallized, recombinant polypeptide of

20 claim 65 and a small organic molecule, wherein the complex is in crystal form.

68. The crystallized, recombinant polypeptide of claim 65, which diffracts x-rays to

a resolution of about 3.5 A or better.

69. The crystallized, recombinant polypeptide of claim 65, whereiu the polypeptide

comprises at least one heavy atom label.

25 70. The crystallized, recombinant polypeptide of claim 69, wherein the polypeptide

is labeled with seleno-methionine.

7 1 . A method for designing a modulator for the prevention or treatment of E. coli

related disease or disorder, comprising:

(a) providing a three-dimensional structure for a crystallized, recombinant

30 polypeptide of claim 65;

(b) identifying a potential modulator for the prevention or treatment of E. coli

related disease or disorder by reference to the three-dimensional structure;
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(c) contacting a polypeptide of the composition of claim 53 or E. coli with the

potential modulator; and

(d) assajdng the activity of the polypeptide or determining the viability of E, coli

after contact with the modulator, wherein a change in the activity of the polypeptide or the

viability ofK coli indicates that the modulator may be useful for prevention or treatment of

a E, coli related disease or disorder.

72. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 23 or SEQ ID

NO: 25; (b) an amino acid sequence having at least about 95% identity with the amino acid

sequence set forth in SEQ ID NO: 23 or SEQ ID NO: 25; or (c) aa amino acid sequence

encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 22 or SEQ ID NO: 24 and

has at least one biological activity of CTP:CMP-3~deoxy-D-manno-octulosonate transferase

firom E. coli\ and wherein the polypeptide of (a), (b) or (c) is enriched in at least one NMR
isotope,

73. The sample of claim 72, wherein the NMR isotope is one of the following:

hydrogen-1 (^H), hydrogen-2 (^H), hydrogen-3 (^H), phosphorous-3 1 (^*P), sodium-23

(^^Na), nitrogen-14 (^^^N). mtrogen-15 (^^N), carbon~13 (^^C) and fluorine-19 (^^F),

74. The sample of claim 72, further comprising a deuterium lock solvent.

75. The sample of claim 74, wherein the deuteriimi lock solvent is one of the

following: acetone (CD3COCD3), chlorofomi (CDCI3), dichloro methane (CD2CI2),

methyhiitrile (CD3CN), benzene (CeDe), water (D2O), diethylether ((CD3CD2)20),

dimethylether ((003)20), N,N-dimethylfomiamide ((CD3)2NCDO), dimethyl sulfoxide

(CD3SOCD3), ethanol (CD3CD2OD), methanol (CD3OD), tetrahydrofuran (C4D8O), toluene

(C6D5CD3), pyridine (C5D5N) and cyclohexane (CeH^).

76. The sample of claim 72, which is contained within an NMR tube.

77. A method for identifying small molecules that bind to a polypeptide of the

composition of claim 53, comprising:

(a) generating a first NMR spectrum of an isotopically labeled polypeptide of the

composition ofclaim 53;

(b) exposing the polypeptide to one or more small molecules;

-178-



wo 03/087353 PCT/CA03/00481

(c) generating a second NMR spectrum of the polypeptide which has been exposed

to one or more small molecules; and

(d) comparing the first and second spectra to determine differences between the first

and the second spectra, wherein the differences are indicative of one or more small

5 molecules that have bound to the polypeptide.

78. A host cell comprising a nucleic acid encoding a polypeptide comprising: (a) an

amino acid sequence set forth in SEQ ID NO: 23 or SEQ ID NO: 25; (b) ati amino acid

sequence having at least about 95% identity with the amino acid sequence set forth in SEQ

ID NO: 23 or SEQ ID NO: 25; or (c) an amino acid sequence encoded by a polynucleotide

10 that hybridizes under stringent conditions to the complementary strand of a polynucleotide

having SEQ ID NO: 22 or SEQ ID NO: 24 and has at least one biological activity of

CTP:CMP-3-deoxy~D-manno-octulosonate transferase from E, coli; wherein a culture of

the host cell produces at least about 1 mg of the polypeptide per liter of culture and the

polypeptide is at least about one-third soluble as measured by gel electrophoresis.

15 79. A composition comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 32 or SEQ ID

NO: 34; (b) an amino acid sequence having at least about 95% identity with the amino acid

sequence set forth in SEQ ID NO: 32 or SEQ ID NO: 34; or (c) an amino acid sequence

encoded by a polynucleotide that hybridizes xmder stringent conditions to the

20 complementary strand of a polynucleotide having SEQ ID NO: 31 or SEQ ID NO: 33 and

has at least one biological activity of UDP-N-acetylmuramoylalanyl-D-glutamate-2, 6-

diaminopimelate ligase from P. aeruginosa; and wherein the polypeptide of (a), (b) or (c) is

at least about 90% pure in a sample ofthe composition.

80. The composition ofclaim 79, wherein the polypeptide is at least about 95% pure

25 as determined by gel electrophoresis.

81. The composition of claim 79, wherein the polypeptide is purified to essential

homogeneity.

82. The composition of claim 79, wherein at least about two-thirds of the

polypeptide in the sample is soluble.

30 83. The composition of claim 79, wherein the polypeptide is fused to at least one

heterologous polypeptide that increases the solubility or stability of the polypeptide.

84. The composition of claim 79, which further comprises a matrix suitable for mass

spectrometry.
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85. The composition of claim 84, wherein the matrix is a nicotinic acid derivative or

a cinnamic acid derivative.

86. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 32 or SEQ ID

5 NO: 34; (b) an amino acid sequence having at least about 95% identity with the amino acid

sequence set forth in SEQ ID NO: 32 or SEQ ID NO: 34; or (c) an amino acid sequence

encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 31 or SEQ ID NO: 33 and

has at least one biological activity of UDP-N-acetylmuramoylalanyl-D-glutamate-2, 6-

10 diaminopimelate ligase firom P. aeruginosa; and wherein the polypeptide of (a), (b) or (c) is

labeled with a heavy atom.

87. The sample of claim 86, wherein the heavy atom is one of the following: cobalt,

selenium, krypton, bromine, strontium, molybdenum, ruthenium, rhodium, palladium,

silver, cadmium, tin, iodine, xenon, barium, lanthantim, cerium, praseodymium,

15 neodymium, samarium, exuropium, gadolinium, terbium, dysprosium, holmium, erbium,

thulium, ytterbium, lutetium, tantalum, tungsten, rheniimi, osmium, iridium, platinimi, gold,

merciuy, thallium, lead, thorium and uraniimi.

88. The sample of claim 86, wherein the polypeptide is labeled with seleno-

methionine.

20 89. The sample of claim 86, further comprising a cryo-protectant.

90. The sample of claim 89, wherein the cryo-protectant is one of the following:

methyl pentanediol, isopropanol, ethylene glycol, glycerol, formate, citrate, mineral oil and

a low-molecular-weight polyethylene glycol,

91. A crystallized, recombinant polypeptide comprising: (a) an amino iacid sequence

25 set forth in SEQ ID NO: 32 or SEQ ID NO: 34; (b) an amino acid sequence having at least

about 95% identity with the amino acid sequence set forth in SEQ ID NO: 32 or SEQ ID

NO: 34; or (c) an amino acid sequence encoded by a polynucleotide that hybridizes under

stringent conditions to the complementary strand of a polynucleotide having SEQ ID NO:

31 or SEQ ID NO: 33 and has at least one biological activity of UDP-N-

30 acetylmuramoylalanyl-D-glutamate-2, 6-diaminopimelate ligase from P. aeruginosa;

wherein the polypeptide of (a), (b) or (c) is in crystal form.

92. A crystallized complex comprising the crystallized, recombinant polypeptide of

claim 91 and a co-factor, wherein the complex is in crystal form.
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93. A crystallized complex comprising the crystallized, recombinant polypeptide of

claim 91 and a small organic molecule, wherein the complex is in crystal form,

94. The crystallized, recombinant polypeptide of claim 91, which diffracts x-rays to

a resolution of about 3.5 A or better.

5 95. The crystalUzed, recombinant polypeptide of claim 91, wherein the polypeptide

comprises at least one heavy atom label.

96. The crystallized, recombinant polypeptide of claim 95, wherein the polypeptide

is labeled with seleno-methionine.

97. A method for designing a modulator for the prevention or treatment of P.

10 aeruginosa related disease or disorder, comprising:

(a) providing a three-dimensional structure for a crystallized, recombinant

polypeptide of claim 91;

(b) identifying a potential modulator for the prevention or treatment of P.

aeruginosa related disease or disorder by reference to the three-dimensional structure;

15 (c) contacting a polypeptide of the composition of claim 79 or P. aeruginosa with

the potential modulator; and

(d) assaying the activity of the polypeptide or determining the viability of P.

aemginosa after contact with the modulator, wherein a change in the activity of the

polypeptide or the viability of P. aeruginosa indicates that the modulator may be useful for

20 prevention or treatment of a P. aeruginosa related disease or disorder.

98. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 32 or SEQ ID

NO: 34; (b) an amino acid sequence having at least about 95% identity with the amino acid

sequence set forth in SEQ ID NO: 32 or SEQ ID NO: 34; or (c) an amino acid sequence

25 encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 31 or SEQ ID NO: 33 and

has at least one biological activity of UDP-N-acetylmuramoylalanyl-D-glutamate-2, 6-

diaminopimelate ligase from P. aeruginosas and wherein the polypeptide of (a), (b) or (c) is

enriched in at least oneNMR isotope.

30 99. The sample of claim 98, wherein the NMR isotope is one of the following:

hydrogen-1 (^H), hydrogen-2 (^H), hydrogen-3 (^H), phosphorous-31 (^^P), sodium-23

(^^Na), mtrogen-14 (^^N), nitrogen-15 (^^N), carbon-13 (^^C) and fluorme-19 (*'F).
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100. The sample of claim 98, further comprising a deuterium lock solvent.

101. The sample of claim 100, wherein the deuterium lock solvent is one of the

following: acetone (CD3COCD3), chloroform (CDCI3), dichloro methane (CD2CI2),

methyhiitrile (CD3CN), benzene (CeDe), water (D2O), diethylether ((CD3CD2)20),

5 dimethylether ((CD3)20), N,N-dimethylformamide ((CD3)2NCDO), dimethyl sulfoxide

(CD3SOCD3), ethanol (CD3CD2OD), methanol (CD3OD), tetrahydrofuran (C4D8O), toluene

(C6D5CD3), pyridine (C5D5N) and cyclohexane (CeHn).

102. The sample of claim 98, which is contained within anNMR tube.

103. A method for identifying small molecules that bind to a polypeptide of the

10 composition of claim 79, comprising:

(a) generating a first NMR spectrum of an isotopically labeled polypeptide of the

composition ofclaim 79;

(b) exposing the polypeptide to one or more small molecules;

(c) generating a second NMR spectrum of the polypeptide which has been exposed

15 to one or more small molecules; and

(d) comparing the first and second spectra to determine differences between the first

and the second spectra, wherein the differences are indicative of one or more small

molecules that have bound to the polypeptide.

1 04. A host cell comprising a nucleic acid encoding a polypeptide comprising: (a)

20 an amino acid sequence set forth in SEQ ID NO: 32 or SEQ ID NO: 34; (b) an amino acid

sequence having at least about 95% identity with the amino acid sequence set forth in SEQ

ID NO: 32 or SEQ ID NO: 34; or (c) an amino acid sequence encoded by a polynucleotide

that hybridizes under stringent conditions to the complementary strand of a polynucleotide

having SEQ ID NO: 31 or SEQ ID NO: 33 and has at least one biological activity ofUDP-

25 N-acetylmxn:anioylalanyl-D-glutamate-2, 6-diaminopimelate ligase from P. aeruginosa;

wherein a culture of the host cell produces at least about 1 mg of the polypeptide per liter of

culture and the polypeptide is at least about one-third soluble as measured by gel

electrophoresis.

105. A composition comprising an isolated, recombinant polypeptide, wherein the

30 polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 41 or SEQ ID

NO: 43; (b) an amino acid sequence having at least about 95% identity with the amino acid

sequence set forth in SEQ ED NO: 41 or SEQ ID NO: 43; or (c) an amino acid sequence
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encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 40 or SEQ ID NO: 42 and

has at least one biological activity of D-alanine:D~alanine-adding enzyme from S. aureus;

and wherein the polypeptide of (a), (b) or (c) is at least about 90% pure in a sample of the

5 composition.

106. The composition of claim 105, wherein the polypeptide is at least about 95%

pure as determined by gel electrophoresis.

107. The composition of claim 105, wherein the polypeptide is purified to essential

homogeneity.

10 108. The composition of claim 105, wherein at least about two-thirds of the

polypeptide in the sample is soluble.

109. The composition of claim 105, wherein the polypeptide is fused to at least one

heterologous polypeptide that increases the solubility or stability of the polypeptide.

110. A complex comprising a polypeptide of the composition of claim 105 and one

15 or more of the following: ribosomal protein SIO (gi| 13702051), conserved hypothetical

protein (gi| 13700831), and 32 kDa unidentified protein.

111. The composition of claim 105, which further comprises a matrix suitable for

mass spectrometry.

112. The composition of claim 111, wherein the matrix is a nicotinic acid derivative

20 or a cinnamic acid derivative.

113. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 41 or SEQ ID

NO: 43; (b) an amino acid sequence having at least about 95% identity with the amino acid

sequence set forth in SEQ ID NO: 41 or SEQ ID NO: 43; or (c) an amino acid sequence

25 encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 40 or SEQ ID NO: 42 and

has at least one biological activity of D-alanine:D-alanine-adding enzyme from S, aureus;

and wherein the polypeptide of (a), (b) or (c) is labeled with a heavy atom.

114. The sample of claim 113, wherein the heavy atom is one of the following:

30 cobalt, selenium, krypton, bromine, strontium, molybdenum, ruthenium, rhodium,

palladivim, silver, cadmium, tin, iodine, xenon, barium, lanthanum, cerium, praseodymium,

neodymium, samarium, europium, gadolinium, terbivim, dysprosiumj» hoknium, erbium.
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thulium, ytterbium, lutetium, tantalum, tungsten, rhenium, osmium, iridium, platinum, gold,

mercury, thallium, lead, thorium and uranium.

115. The sample of claim 113, wherein the polypeptide is labeled with seleno-

methionine,

5 116. The sample of claim 113, further comprising a cryo-protectant.

117. The sample of claim 116, wherein the cryo-protectant is one of the following:

methyl pentanediol, isopropanol, ethylene glycol, glycerol, formate, citrate, mineral oil and

a low-molecular-weight polyethylene glycol.

118. A crystalhzed, recombinant polypeptide comprising: (a) an amino acid

10 sequence set forth in SEQ ID NO: 41 or SEQ ID NO: 43; (b) an amino acid sequence

having at least about 95% identity with the amino acid sequence set forth in SEQ ID NO:

41 or SEQ ID NO: 43; or (c) an amino acid sequence encoded by a polynucleotide that

hybridizes under stringent conditions to the complementary strand of a polynucleotide

having SEQ ID NO: 40 or SEQ ID NO: 42 and has at least one biological activity of D-

15 alanine:D~alanine-adding enzyme jfrom aureus; wherein the polypeptide of (a), (b) or (c)

is in crystal form.

119. A crystallized complex comprising the crystalhzed, recombinant polypeptide

ofclaim 118 and a co-factor, wherein the complex is in crystal form.

120. A crystallized complex comprising the crystallized, recombinant polypeptide

20 of claim 118 and a small organic molecule, wherein the complex is in crystal form.

121. The crystallized, recombinant polypeptide of claim 118, which diffracts x-rays

to a resolution of about 3.5 A or better.

122. The crystallized, recombinant polypeptide of claim 118, wherein the

polypeptide comprises at least one heavy atom label.

25 123. The crystallized, recombinant polypeptide of claim 122, wherein the

polypeptide is labeled with seleno-niethionine.

124. A method for designing a modulator for the prevention or treatment of S,

aureus related disease or disorder, comprising:

(a) providing a three-dimensional structure for a crystallized, recombinant

30 polypeptide of claim 118;

(b) identifying a potential modulator for the prevention or treatment of S, aureus

related disease or disorder by reference to the three-dimensional structure;
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(c) contacting a polypeptide of the composition of claim 105 or S. aureus with the

potential modulator; and

(d) assaying the activity of the polypeptide or determining the viability of S. aureus

after contact with the modulator, wherein a change in the activity of the polypeptide or the

5 viabihty of S, aureus indicates that the modulator may be useful for prevention or treatment

of a S, aureus related disease or disorder,

125. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 41 or SEQ ID

NO: 43; (b) an amino acid sequence having at least about 95% identity with the amino acid

10 sequence set forth in SEQ ID NO: 41 or SEQ ID NO: 43; or (c) an amino acid sequence

encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 40 or SEQ ID NO: 42 and

has at least one biological activity of D-alanine:D-alanine-adding enzyme from S. aureus'^

and wherein the polypeptide of (a), (b) or (c) is enriched in at least one NMR isotope.

15 126. The sample of claim 125, wherein the NMR isotope is one of the following:

hydrogen-1 (^H), hydrogen-2 fH), hydrogen-3 (^H), phosphorous-3 1 (^^P), sodium-23

(^^Na), nitrogen-14 (^^N), nitrogen-15 (^^N), carbon-13 (^^C) and fluorine-19 (^^F).

127. The sample of claim 125, further comprising a deuterium lock solvent.

128. The sample of claim 127, wherein the deuterium lock solvent is one of the

20 following: acetone (CD3COCD3), chloroform (CDCI3), dichloro methane (CD2CI2),

methykiitrile (CD3CN), benzene (CeDe), water (D2O), diethylether ((CD3CD2)20),

dimethylether ((CD3)20), N,N-dimethylfonnamide ((CD3)2NCDO), dimethyl sulfoxide

(CD3SOCD3), ethanol (CD3CD2OD), methanol (CD3OD), tetrahydrofuran (C4D8O), toluene

(C6D5CD3), pyridine (C5D5N) and cyclohexane (CeHia).

25 129. The sample of claim 125, which is contained within anNMR tube.

130. A method for identifying small molecules that bind to a polypeptide of the

composition of claim 105, comprising:

(a) generating a first NMR spectrum of an isotopically labeled polypeptide of the

composition of claim 105;

30 (b) exposing the polypeptide to one or more small molecules;

(c) generating a second NMR spectrum of the polypeptide which has been exposed

to one or more small molecules; and
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(d) comparing the first and second spectra to determine differences between the first

and the second spectra, wherein the differences are indicative of one or more small

molecules that have bound to the polypeptide.

131. A host cell comprising a nucleic acid encoding a polypeptide comprising: (a)

5 an amino acid sequence set forth in SEQ ID NO: 41 or SEQ ID NO: 43; (b) an amino acid

sequence having at least about 95% identity with the amino acid sequence set forth in SEQ

ID NO: 41 or SEQ ID NO: 43; or (c) an amino acid sequence encoded by a polynucleotide

that hybridizes under stringent conditions to the complementary strand of a polynucleotide

having SEQ ID NO: 40 or SEQ ID NO: 42 and has at least one biological activity of D~

10 alanine:D-alanine-adding enzyme from S. aureus; wherein a culture of the host cell

produces at least about 0.7 mg of the polypeptide per liter of culture and the polypeptide is

at least about one-third soluble as measured by gel electrophoresis.

132. A composition comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 50 or SEQ ID

15 NO: 52; (b) an amino acid sequence having at least about 95% identity with the amino acid

sequence set forth in SEQ ID NO: 50 or SEQ ID NO: 52; or (c) an amino acid sequence

encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 49 or SEQ ID NO: 51 and

has at least one biological activity of D-alanine:D-alanine-adding enzyme from P.

20 aeruginosa; and wherein the polypeptide of (a), (b) or (c) is at least about 90% pure in a

sample ofthe composition.

133. The composition of claim 132, wherein the polypeptide is at least about 95%

pxire as determined by gel electrophoresis.
'

134. The composition of claim 132, wherein the polypeptide is purified to essential

25 homogeneity.

135. The composition of claim 132, wherein at least about two-thirds of the

polypeptide in the sample is soluble.

136. The composition of claim 132, wherein the polypeptide is fused to at least one

heterologous polypeptide that increases the solubility or stability of the polypeptide.

30 137. A complex comprising a polypeptide of the composition of claim 132 and one

or more of the following: adenine phosphoribosyltransferase (gij9947502), PA1091

(flagellin type B), and 95 kDa unidentified protein.
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138. The composition of claim 132, which further comprises a matrix suitable for

mass spectrometry.

139. The composition of claim 138, wherein the matrix is a nicotinic acid derivative

or a cinnamic acid derivative.

140. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 50 or SEQ ID

NO: 52; (b) an amino acid sequence having at least about 95% identity with the amino acid

sequence set forth in SEQ ID NO: 50 or SEQ ID NO: 52; or (c) an amino acid sequence

encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 49 or SEQ ID NO: 51 and

has at least one biological activity of D-alanine:D-alanine-adding enzyme from P.

aeruginosa; and wherein the polypeptide of (a), (b) or (c) is labeled with a heavy atom.

141. The sample of claim 140, wherein the heavy atom is one of the following:

cobalt, selenium, krypton, bromine, strontium, molybdenum, mthenium, rhodimn,

palladium, silver, cadmixmi, tin, iodine, xenon, barium, lanthanum, cerium, praseodymium,

neodymium, samarium, europium, gadolinium, terbium, dysprosium, holmiimi, erbium,

thulium, ytterbium, lutetium, tantalum, tungsten, rhenium, osmium, iridium, platinum, gold,

mercury, thallium, lead, thorium and uranium.

142. The sample of claim 140, wherein the polypeptide is labeled with seleno-

methionine.

143. The sample of claim 140, further comprising a cryo-protectant.

144. The sample of claim 143, wherein the cryo-protectant is one of the following:

methyl pentanediol, isopropanol, ethylene glycol, glycerol, formate, citrate, mineral oil and

a low-molecular-weight polyethylene glycol.

145. A crystallized, recombinant polypeptide comprising: (a) an amino acid

sequence set forth in SEQ ID NO: 50 or SEQ ID NO: 52; (b) an amino acid sequence

having at least about 95% identity with the amino acid sequence set forth in SEQ ID NO:

50 or SEQ ID NO: 52; or (c) an amino acid sequence encoded by a polynucleotide that

hybridizes xmder stringent conditions to the complementary strand of a polynucleotide

having SEQ ID NO: 49 or SEQ ID NO: 51 and has at least one biological activity of D-

alanine:D-alanine-adding enzyme from P, aeruginosa; wherein the polypeptide of (a), (b)

or (c) is in crystal form.
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146. A crystallized complex comprising the crystallized, recombinant polypeptide

ofclaim 145 and a co-factor, wherein the complex is in crystal form.

147. A crystallized complex comprising the crystallized, recombinant polypeptide

of claim 145 and a small organic molecule, wherein the complex is in crystal form,

148. The crystallized, recombinant polypeptide of claim 145, which diffracts x-rays

to a resolution of about 3.5 A or better.

149. The crystallized, recombinant polypeptide of claim 145, wherein the

polypeptide comprises at least one heavy atom label.

150. The crystallized, recombinant polypeptide of claim 149, wherein the

polypeptide is labeled with seleno-methionine.

151. A method for designing a modulator for the prevention or treatment of P.

aeruginosa related disease or disorder, comprising:

(a) providing a three-dimensional stmcture for a crystallized, recombmant
polypeptide of claim 145

;

(b) identifying a potential modulator for the prevention or treatment of P.

aeruginosa related disease or disorder by reference to the three-dimensional structure;

(c) contacting a polypeptide of the composition of claim 132 or P. aeruginosa with

the potential modulator; and

(d) assaying the activity of the polypeptide or detennining the viability of P.

aeruginosa after contact with the modulator, wherein a change in the activity of the

polypeptide or the viability ofP. aeruginosa indicates that the modulator may be useful for

prevention or treatment of a P. aeruginosa related disease or disorder.

152. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 50 or SEQ ID
NO: 52; (b) an amino acid sequence having at least about 95% identity with the amino acid

sequence set forth in SEQ ID NO: 50 or SEQ ID NO: 52; or (c) an amino acid sequence

encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 49 or SEQ ID NO: 51 and
has at least one biological activity of D-alanine:D-alanine-adding enzyme from P.

aeruginosa; and wherein the polypeptide of (a), (b) or (c) is enriched in at least one NMR
isotope.
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153. The sample of claim 152, wherein the NMR isotope is one of the following:

hydrogen-1 (^H), hydrogen-2 (^H), hydrogen-3 (^H), phosphorous-3 1 (^^P), sodium-23

(^^Na), nitrogen-14 C^N), nitrogen-15 (^^N), carbon-13 (^^C) and fluorine-19 (^^F).

154. The sample of claim 152, further comprising a deuterium lock solvent.

5 155. The sample of claim 154, wherein the deuterium lock solvent is one of the

following: acetone (CD3COCD3), chloroform (CDCI3), dichloro methane (CD2CI2),

methyhiitrile (CD3CN), benzene (CeDeX water (D2O), diethylether ((CD3CD2)20),

dimethylether ((CD3)20), N,N-dimethylformamide ((CD3)2NCDO), dimethyl sulfoxide

(CD3SOCD3), ethanol (CD3CD2OD), methanol (CD3OD), tetrahydrofuran (C4D8O), toluene

10 (C6D5CD3), pyridine (C5D5N) and cyclohexane (CeBu).

156. The sample of claim 152, which is contained within anNMR tube.

157. A method for identifying small molecides that bind to a polypeptide of the

composition of claim 132, comprising:

(a) generating a first NMR spectrum of an isotopically labeled polypeptide of the

15 composition of claim 132;

(b) exposing the polypeptide to one or more small molecules;

(c) generating a second NMR spectrum of the polypeptide which has been exposed

to one or more small molecules; and

(d) comparing the first and second spectra to determine differences between the first

20 and the second spectra, wherein the differences are indicative of one or more small

molecules that have boxmd to the polypeptide.

158. A host cell comprising a nucleic acid encoding a polypeptide comprising: (a)

an amino acid sequence set forth in SEQ ID NO: 50 or SEQ ID NO: 52; (b) an amino acid

sequence having at least about 95% identity with the amino acid sequence set forth in SEQ

25 ID NO: 50 or SEQ ID NO: 52; or (c) an amino acid sequence encoded by a polynucleotide

that hybridizes imder stringent conditions to the complementary strand of a polynucleotide

having SEQ ID NO: 49 or SEQ ID NO: 51 and has at least one biological activity of D-

alanine:D-alanine-adding enzyme from P. aeruginosa; wherein a culture of the host cell

produces at least about 1 mg of the polypeptide per liter of culture and the polypeptide is at

30 least about one-third soluble as measured by gel electrophoresis.

159. A composition comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 59 or SEQ ID
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NO: 61; (b) an amino acid sequence having at least about 95% identity with the amino acid

sequence set forth in SEQ ID NO: 59 or SEQ ID NO: 61; or (c) an amino acid sequence

encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 58 or SEQ ID NO: 60 and

5 has at least one biological activity of D-alanine-D-alanine ligase from E. faecalis; and

wherein the polypeptide of (a), (b) or (c) is at least about 90% pure in a sample of the

composition.

160. The composition of claim 159, wherein the polypeptide is at least about 95%

pure as determined by gel electrophoresis.

10 161. The composition of claim 159, wherein the polypeptide is purified to essential

homogeneity.

162. The composition of claim 159, wherein at least about two-thirds of the

polypeptide in the sample is soluble.

163. The composition of claim 159, wherein the polypeptide is fused to at least one

15 heterologous polypeptide that increases the solubihty or stability of the polypeptide.

164. The composition of claim 159, which further comprises a matrix suitable for

mass spectrometry.

165. The composition of claim 164, wherein the matrix is a nicotinic acid derivative

or a cinnamic acid derivative.

20 166. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 59 or SEQ ID

NO: 61; (b) an amino acid sequence having at least about 95% identity with the amino acid

sequence set forth in SEQ ID NO: 59 or SEQ ID NO: 61; or (c) an amino acid sequence

encoded by a polynucleotide that hybridizes under stringent conditions to the

25 complementary strand of a polynucleotide having SEQ ID NO: 58 or SEQ ID NO: 60 and

has at least one biological activity of D-alanine-D-alanine Ugase from E. faecalis; and

wherein the polypeptide of (a), (b) or (c) is labeled with a heavy atom.

167. The sample of claim 166, wherein the heavy atom is one of the following:

cobalt, selenium, krypton, bromine, strontium, molybdenum, mthenium, rhodium,

30 palladium, silver, cadmium, tin, iodine, xenon, baritmi, lanthanum, cerium, praseodymium,

neodymixmi, samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium,

thulium, ytterbium, lutetium, tantalum, tungsten, rhenium, osmium, iridium, platinum, gold,

mercury, thallium, lead, thorium and uranium.
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168. The sample of claim 166, wherein the polypeptide is labeled with seleno-

methionine.

169. The sample of claim 166, further comprising a cryo-protectant.

170. The sample of claim 169, wherein the cryo-protectant is one of the following:

5 methyl pentanediol, isopropanol, ethylene glycol, glycerol, formate, citrate, mineral oil and

a low-molecular-weight polyethylene glycol.

171. A crystallized, recombinant polypeptide comprising: (a) an amino acid

sequence set forth in SEQ ID NO: 59 or SEQ IT) NO: 61; (b) an amino acid sequence

having at least about 95% identity with the amino acid sequence set forth in SEQ ID NO:

10 59 or SEQ ID NO: 61; or (c) an amino acid sequence encoded by a polynucleotide that

hybridizes xmder stringent conditions to the complementary strand of a polynucleotide

having SEQ ID NO: 58 or SEQ ID NO: 60 and has at least one biological activity of D-

alanine-D-alanine ligase from E. faecalis\ wherein the polypeptide of (a), (b) or (c) is in

crystal form.

15 172. A crystallized complex comprising the crystallized, recombinant polypeptide

of claim 171 and a co-factor, wherein the complex is in crystal form.

173. A crystallized complex comprising the crystallized, recombinant polypeptide

of claim 171 and a small organic molecule, wherein the complex is in crystal form.

174. The crystallized, recombinant polypeptide of claim 171, which diffracts x-rays

20 to a resolution of about 3.5 A or better,

175. The crystallized, recombinant polypeptide of claim 171, wherein the

polypeptide coniprises at least one heavy atom label.

176. The crystallized, recombinant polypeptide of claim 175, wherein the

polypeptide is labeled with seleno-methionine.

25 177. A method for designing a modulator for the prevention or treatment of E,

faecalis related disease or disorder, comprising:

(a) providing a three-dimensional structure for a crystallized, recombinant

polypeptide of claim 171;

(b) identifying a potential modulator for the prevention or treatment of E. faecalis

30 related disease or disorder by reference to the three-dimensional stmcture;

(c) contacting a polypeptide of the composition of claim 159 or E, faecalis with the

potential modulator; and
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(d) assaying the activity of the polypeptide or determining the viabiUty ofE. faecalis

after contact with the modulator, wherein a change in the activity of the polypeptide or the

viability of E. faecalis indicates that the modulator may be useful for prevention or

treatment of a E. faecalis related disease or disorder.

5 178. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 59 or SEQ ID

NO: 61; (b) an amino acid sequence having at least about 95% identity with the amino acid

sequence set forth in SEQ ID NO: 59 or SEQ ID NO: 61; or (c) an amino acid sequence

encoded by a polynucleotide that hybridizes under stringent conditions to the

10 complementary strand of a polynucleotide having SEQ ID NO: 58 or SEQ ID NO: 60 and

has at least one biological activity of D-alanine-D~alanine ligase from E, faecalis; and

wherein the polypeptide of (a), (b) or (c) is enriched in at least oneNMR isotope.

179. The sample of claim 178, wherein the NMR isotope is one of the following:

hydrogen- 1 (^H), hydrogen-2 (^H), hydrogen-3 (^H), phosphorous-31 (^^P), sodium-23

15 (^^Na), nitrogen-14 O^N), mtrogen-15 O^N), carbon-13 (^^C) and fluorine-19 (^^F).

180. The sample of claim 178, further comprising a deuterium lock solvent

181. The sample of claim 180, wherein the deuterium lock solvent is one of the

following: acetone (CD3COCD3), chloroform (CDCI3), dichloro methane (CD2CI2),

methyhiitrile (CD3CN), benzene (CeDe), water (D2O), diethylether ((CD3CD2)20),

20 dimethylefher ((CD3)20), N,N-dimethylformamide ((CD3)2NCDO), dimethyl sulfoxide

(CD3SOCD3), ethanol (CD3CD2OD), methanol (CD3OD), tetrahydrofuran (C4D8O), toluene

(C6D5CD3), pyridine (C5D5N) and cyclohexane (C6H12).

182. The sample of claim 178, which is contained within anNMR tube.

183. A method for identifying small molecules that bind to a polypeptide of the

25 composition of claim 159, comprising:

(a) generating a first NMR spectrum of an isotopically labeled polypeptide of the

composition of claim 159;

(b) exposing the polypeptide to one or more small molecules;

(c) generating a second NMR spectrum of the polypeptide which has been exposed

30 to one or more small molecules; and
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(d) comparing the first and second spectra to determine differences between tlie first

and the second spectra, wherein the differences are indicative of one or more small

molecules that have bound to the polypeptide.

184. A host cell comprising a nucleic acid encoding a polypeptide comprising: (a)

5 an amino acid sequence set forth in SEQ ID NO: 59 or SEQ ID NO: 61; (b) an amino acid

sequence having at least about 95% identity with the amino acid sequence set forth in SEQ

ID NO: 59 or SEQ ID NO: 61; or (c) an amino acid sequence encoded by a polynucleotide

that hybridizes under stringent conditions to the complementary strand of a polynucleotide

having SEQ ID NO: 58 or SEQ ID NO: 60 and has at least one biological activity of D-

10 alanine-D~alanine ligase from E, faecalis\ wherein a culture of the host cell produces at

least about 1 mg of the polypeptide per liter of culture and the polypeptide is at least about

one-third soluble as measured by gel electrophoresis.

185. A composition comprising an isolated, recombinant polj^eptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 68 or SEQ ID

15 NO: 70; (b) an amino acid sequence having at least about 95% identity with the amino acid

sequence set forth in SEQ ID NO: 68 or SEQ ID NO: 70; or (c) an amino acid sequence

encoded by a polynucleotide that hybridizes imder stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 67 or SEQ ID NO: 69 and

has at least one biological activity ofUDP-N-acetylpyruvoylglucosamine reductase from P.

20 aeruginosa^ and wherein the polypeptide of (a), (b) or (c) is at least about 90% pure in a

sample of the composition.

186. The composition of claim 185, wherein the polypeptide is at least about 95%

pure as determined by gel electrophoresis.

187. The composition of claim 185, wherein the polypeptide is purified to essential

25 homogeneity.

188. The composition of claim 185, wherein at least about two-thirds of the

polypeptide in the sample is soluble.

189. The composition of claim 185, wherein the polypeptide is fused to at least one

heterologous polypeptide that increases the solubility or stability of the polypeptide.

30 190. The composition of claim 185, which further comprises a matrix suitable for

mass spectrometry.

191. The composition of claim 190, wherein the matrix is a nicotinic acid derivative

or a cinnamic acid derivative.
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192. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 68 or SEQ ID

NO: 70; (b) an amino acid sequence having at least about 95% identity with the amino acid

sequence set forth in SEQ ID NO: 68 or SEQ ID NO: 70; or (c) an amino acid sequence

5 encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 67 or SEQ ID NO: 69 and

has at least one biological activity of UDP-N-acetylpyruvoylglucosamine reductase from P.

aeruginosa^ and wherein the polypeptide of (a), (b) or (c) is labeled with a heavy atom.

193. The sample of claim 192, wherein the heavy atom is one of the following:

10 cobalt, selenium, krypton, bromine, strontium, molybdenum, ruthenium, rhodium,

palladium, silver, cadmium, tin, iodine, xenon, barium, lanthanum, cerium, praseodymium,

neodymium, samarium, europium, gadolinixmi, terbium, dysprosium, hoknium, erbium,

thulium, ytterbium, lutetium, tantalum, tungsten, rhenium, osmiimi, iridium, platinum, gold,

mercury, thallixmi, lead, thorixim and uranium.

15 194. The sample of claim 193, wherein the polypeptide is labeled with seleno-

methionine.

195. The sample of claim 193, further comprising a cryo-protectant.

196. The sample of claim 195, wherein the cryo-protectant is one of the following:

methyl pentanediol, isopropanol, ethylene glycol, glycerol, formate, citrate, mineral oil and

20 a low-molecular-weight polyethylene glycol.

197. A crystallized, recombinant polypeptide comprising: (a) an amino acid

sequence set forth in SEQ ID NO: 68 or SEQ ID NO: 70; (b) an amino acid sequence

having at least about 95% identity with the amino acid sequence set forth in SEQ ID NO:

68 or SEQ ID NO: 70; or (c) an amino acid sequence encoded by a polynucleotide that

25 hybridizes under stringent conditions to the complementary strand of a polynucleotide

having SEQ ID NO: 67 or SEQ ID NO: 69 and has at least one biological activity ofUDP-

N-acetylpymvoylglucosamine reductase from P, aeruginosa'^ wherein the polypeptide of

(a), (b) or (c) is in crystal form.

198. A crystallized complex comprising the crystallized, recombuiant polypeptide

30 ofclaim 197 and a co-factor, wherein the complex is in crystal form.

199. A crystallized complex comprising the crystallized, recombinant polypeptide

of claim 1 97 and a small organic molecule, wherein the complex is in crystal form.
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200. The crystallized, recombinant polypeptide of claim 197, which diffracts x-rays

to a resolution of about 3,5 A or better.

201. The crystallized, recombinant polypeptide of claim 197, wherein the

polypeptide comprises at least one heavy atom label.

5 202. The crystallized, recombinant polypeptide of claim 201, wherein the

polypeptide is labeled with seleno-methionine.

203. A method for designing a modulator for the prevention or treatment of P.

aeruginosa related disease or disorder, comprising:

(a) providing a three-dimensional structure for a crystalUzed, recombinant

10 polypeptide of claim 1 97;

(b) identifying a potential modulator for the prevention or treatment of P.

aeruginosa related disease or disorder by reference to the three-dimensional structure;

(c) contacting a polypeptide of the composition of claim 185 or P, aeruginosa with

the potential modulator; and

15 (d) assaying the activity of the polypeptide or determining the viability of P,

aeruginosa after contact with the modulator, wherein a change in the activity of the

polypeptide or the viabiUty of P. aeruginosa indicates that the modulator may be useful for

prevention or treatment of a P. aeruginosa related disease or disorder.

204. A sample comprising an isolated, recombinant polypeptide, wherein the

20 polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 68 or SEQ ID

NO: 70; (b) an amnio acid sequence having at least about 95% identity with the amino acid

sequence set forth in SEQ ID NO: 68 or SEQ ID NO: 70; or (c) an amino acid sequence

encoded by a polynucleotide that hybridizes \mder stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 67 or SEQ ID NO: 69 and

25 has at least one biological activity ofUDP-N-acetylpyruvoylglucosamine reductase j&om P.

aeruginosa^ and wherein the polypeptide of (a), (b) or (c) is enriched in at least one NMR
isotope.

205. The sample of claim 204, wherein the NMR isotope is one of the following:

hydrogen- 1 (^H), hydrogen-2 (^H), hydrogen-3 (^H), phosphorous-31 (^^P), sodium-23

30 (^^Na), nitrogen-14 (^^^N), nitrogen-15 (^^N), carbon-13 (^^C) and fluorine-19 (^^F).

206. The sample ofclaim 204, further comprising a deuterium lock solvent.
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207. The sample of claim 206, wherein the deuterium lock solvent is one of the

following: acetone (CD3COCD3), chloroform (CDCI3), dichloro methane (CD2CI2),

methylnitrile (CD3CN), benzene (CeDe), water (D2O), diethylether ((CD3CD2)20),

dimethylether ((€03)20), N,N-dimethylfonnamide ((CD3)2NCDO), dimethyl sulfoxide

5 (CD3SOCD3), ethanol (CD3CD2OD), methanol (CD3OD), tetrahydrofurati (C4D8O), toluene

(C6D5CD3), pyridine (C5D5N) and cyclohexane (CeHia).

208. The sample of claim 204, which is contained within anNMR tube.

209. A method for identifying small molecules that bind to a polypeptide of the

composition ofclaim 185, comprising:

1 0 (a) generating a first NMR spectrum of an isotopically labeled polypeptide of the
!

composition of claim 185;

(b) exposing the polypeptide to one or more small molecules;

(c) generating a second NMR spectrum of the polypeptide which has been exposed

to one or more small molecules; and

15 (d) comparing the first and second spectra to determine differences between the first

and the second spectra, wherein the differences are indicative of one or more small

molecules that have bound to the polypeptide.

210. A host cell comprising a nucleic acid encoding a polypeptide comprising: (a)

an amino acid sequence set forth in SEQ ID NO: 68 or SEQ ID NO: 70; (b) an amino acid

20 sequence having at least about 95% identity with the amino acid sequence set forth in SEQ
ID NO: 68 or SEQ ID NO: 70; or (c) an amino acid sequence encoded by a polynucleotide

that hybridizes imder stringent conditions to the complementary strand of a polynucleotide

having SEQ ID NO: 67 or SEQ ID NO: 69 and has at least one biological activity ofUDP-

N-acetylpyruvoylglucosamine reductase from P. aeruginosa; wherein a culture of the host

25 cell produces at least about 1 mg of the polypeptide per liter of culture and the polypeptide

is at least about one-third soluble as measured by gel electrophoresis.

211. A composition comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ED NO: 77 or SEQ ID

NO: 79; (b) an amino acid sequence having at least about 95% identity with the amino acid

30 sequence set forth in SEQ ID NO: 77 or SEQ ID NO: 79; or (c) an amino acid sequence

encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 76 or SEQ ID NO: 78 and
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has at least one biological activity of UDP-N-acetylglucosamine 1 -carboxyvinyltransferase

1 from S. pneumoniae; and wherein the polypeptide of (a), (b) or (c) is at least about 90%
pure in a sample of the composition.

212. The composition of claim 211, wherein the polypeptide is at least about 95%
pure as determined by gel electrophoresis.

213. The composition of claim 211, wherein the polypeptide is purified to essential

homogeneity.

214. The composition of claim 211, wherein at least about two-thirds of the

polypeptide in the sample is soluble.

215. The composition of claim 211, wherein the polypeptide is fused to at least one

heterologous polypeptide that increases the solubility or stabiUty of the polypeptide.

216. A complex comprising a polypeptide of the composition of claim 211 and 70

kDa unidentified protein.

217. The composition of claim 211, which fiuiher comprises a matrix suitable for

mass spectrometry.

218. The composition of claim 216, wherein the matrix is a nicotinic acid derivative

or a ciimamic acid derivative.

219. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 77 or SEQ ID

NO: 79; (b) an amino acid sequence having at least about 95% identity with the amino acid

sequence set forth in SEQ ID NO: 77 or SEQ ID NO: 79; or (c) an amino acid sequence

encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 76 or SEQ ID NO: 78 and

has at least one biological activity of UDP-N-acetylglucosamine 1 -carboxyvinyltransferase

1 from iS pneumoniae; and wherein the polypeptide of (a), (b) or (c) is labeled with a heavy

atom.

220. The sample of claim 219, wherein the heavy atom is one of the following:

cobalt, selenium, krypton, bromine, strontium, molybdenum, mthenium, rhodium,

palladium, silver, cadmium, tin, iodine, xenon, barium, lanthanvmi, cerium, praseodymium,

neodymium, samarium, europium, gadohnium, terbium, dysprosium, hohnium, erbium,

thulium, ytterbium, lutetium, tantalum, tungsten, rhenium, osmium, iridium, platinum, gold,

mercury, thallium, lead, thorium and uraniimi.
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221. The sample of claim 219, wherein the polypeptide is labeled with seleno-^

methionine.

222. The sample of claim 219, further comprising a cryo-protectant.

223. The sample of claim 222, wherein the cryo-protectant is one of the following:

5 methyl pentanediol, isopropanol, ethylene glycol, glycerol, formate, citrate, mineral oil and

a low-molecular-weight polyethylene glycol.

224. A crystallized, recombinant polypeptide comprising: (a) an amino acid

sequence set forth in SEQ ID NO: 77 or SEQ ID NO: 79; (b) an amino acid sequence

having at least about 95% identity with the amino acid sequence set forth in SEQ ID NO:

10 77 or SEQ ID NO: 79; or (c) an amino acid sequence encoded by a polynucleotide that

hybridizes xmder stringent conditions to the complementary strand of a polynucleotide

having SEQ ID NO: 76 or SEQ ID NO: 78 and has at least one biological activity ofUDP-

N-acetylglucosamine 1-carboxyvinyltransferase 1 from S. pneumoniae\ wherein the

polypeptide of (a), (b) or (c) is in crystal form.

15 225. A crystallized complex comprising the crystallized, recombinant polypeptide

of claim 224 and a co-factor, wherein the complex is in crystal form.

226. A crystallized complex comprising the crystaUized, recombinant polypeptide

of claim 224 and a small organic molecule, wherein the complex is in crystal form.

227. The crystallized, recombinant polypeptide of claim 224, which diffracts x-rays

20 to a resolution of about 3.5 A or better.

228. The crystallized, recombinant polypeptide of claim 224, wherein the

polypeptide comprises at least one heavy atom label.

229. The crystallized, recombinant polypeptide of claim 228, wherein the

polypeptide is labeled with seleno-methionine.

25 230. A method for designing a modulator for the prevention or treatment of S.

pneumoniae related disease or disorder, comprising:

(a) providing a three-dimensional structure for a crystallized, recombinant

polypeptide of claim 224;

(b) identifying a potential modulator for the prevention or treatment of S,

30 pneumoniae related disease or disorder by reference to the three-dimensional structure;

(c) contacting a polypeptide of the composition of claim 211 or 5. pneumoniae with

the potential modulator; and
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(d) assaying the activity of the polypeptide or determining the viability of S.

pneumoniae after contact with the modulator, wherein a change in the activity of the

polypeptide or the viability of S. pneumoniae indicates that the modulator may be useful for

prevention or treatment of a S. pneumoniae related disease or disorder.

5 23 1 . A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 77 or SEQ ID

NO: 79; (b) an amino acid sequence having at least about 95% identity with the amino acid

sequence set forth in SEQ ID NO: 77 or SEQ ID NO: 79; or (c) an amino acid sequence

encoded by a polynucleotide that hybridizes under stringent conditions to the

10 complementary strand of a polynucleotide having SEQ ID NO: 76 or SEQ ID NO: 78 and

has at least one biological activity of UDP-N-acetylglucosamine l-carboxjrvinyltransferase

1 from S. pneumoniae^ and wherein the polypeptide of (a), (b) or (c) is enriched in at least

oneNMR isotope.

232. The sample of claim 231, wherein the NMR isotope is one of the following:

15 hydrogen- 1 (^H), hydrogen-2 (^H), hydrogen-3 (^H), phosphorous-3 1 (^^P), sodium-23

(^^Na), nitrogen-14 (^^N), nitrogen-15 (^^N), carbon-13 (^^C) and fluorine-19 (^^F).

233. The sample of claim 231, ftirther comprising a deuterium lock solvent.

234. The sample of claim 233, wherein the deuterium lock solvent is one of the

following: acetone (CDsCOCDs), chloroform (CDCI3), dichloro methane (CD2CI2),

20 methyhiitrile (CD3CN), benzene (CeDe), water (D2O), diethylether ((CD3CD2)20),

dimethylether ((CD3)20), N,N-dimethylformamide ((CD3)2NCDO), dimethyl sulfoxide

(CD3SOCD3), ethanol (CD3CD2OD), methanol (CD3OD), tetrahydroforan (C4D8O), toluene

(C6D5CD3), pyridine (C5D5N) and cyclohexane (C6H12).

235. The sample of claim 231, which is contained within anNMR tube.

25 236. A method for identifying small molecules that bind to a polypeptide of the

composition ofclaim 211, comprising:

(a) generating a first NMR spectrum of an isotopically labeled polypeptide of the

composition of claim 211;

(b) exposing the polypeptide to one or more small molecules;

30 (c) generating a secoiid NMR spectrum of the polypeptide which has been exposed

to one or more small molecules; and

r
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(d) comparing the first and second spectra to determine differences between the first

and the second spectra, wherein the differences are indicative of one or more small

molecules that have bound to the polypeptide.

237. A host cell comprising a nucleic acid encoding a polypeptide comprising: (a)

5 an amino acid sequence set forth in SEQ ID NO: 77 or SEQ ID NO: 79; (b) an amino acid

sequence having at least about 95% identity with the amino acid sequence set forth in SEQ

ID NO: 77 or SEQ ID NO: 79; or (c) an amino acid sequence encoded by a polynucleotide

that hybridizes under stringent conditions to the complementary strand of a polynucleotide

having SEQ ID NO: 76 or SEQ ID NO: 78 and has at least one biological activity ofUDP-

10 N-acetylglucosamine 1-carboxyvinyltransferase 1 from S. pneumoniae; wherein a culture of

the host cell produces at least about 1 mg of the polypeptide per liter of culture and the

polypeptide is at least about one-third soluble as measured by gel electrophoresis.

238. A composition comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 86 or SEQ ID

15 NO: 88; (b) an amino acid sequence having at least about 95% identity with the amino acid

sequence set forth in SEQ ID NO: 86 or SEQ ID NO: 88; or (c) an amino acid sequence

encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 85 or SEQ ID NO: 87 and

has at least one biological activity of UDP-N-acetylglucosamine pyrophosphorylase firom

20 E, faecalis; and wherein the polypeptide of (a), (b) or (c) is at least about 90% pure in a

sample of the composition.

239. The composition of claim 238, wherein the polypeptide is at least about 95%

pure as determined by gel electrophoresis.

240. The composition of claim 238, wherein the polypeptide is purified to essential

25 homogeneity.

241. The composition of claim 238, wherein at least about two-thirds of the

polypeptide in the sample is soluble.

242. The composition of claim 238, wherein the polypeptide is fiised to at least one

heterologous polypeptide that increases the solubiUty or stabiUty ofthe polypeptide.

30 243. The composition of claim 238, which further comprises a matrix suitable for

mass spectrometry.

244. The composition of claim 243, wherein the matrix is a nicotinic acid derivative

or a ciimamic acid derivative.
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245. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 86 or SEQ ID

NO: 88; (b) an amino acid sequence having at least about 95% identity with the amino acid

sequence set forth in SEQ ID NO: 86 or SEQ ID NO: 88; or (c) an amino acid sequence

5 encoded by a polynucleotide that hybridizes under stringent conditions to the

complementmy strand of a polynucleotide having SEQ ID NO: 85 or SEQ ID NO: 87 and

has at least one biological activity of UDP~N~acetylglucosamine pyrophosphorylase from

E, faecalis; and wherein the polypeptide of (a), (b) or (c) is labeled with a heavy atom.

246. The sample of claim 245, wherein the heavy atom is one of the following:

10 cobalt, selenium, krypton, bronoine, strontium, molybdenum, ruthenium, rhodium,

palladiimi, silver, cadmium, tin, iodine, xenon, bariimi, lanthanum, cerium, praseodymium,

neodymium, samarium, europium, gadoUnium, terbium, dysprosium, hobnium, erbium,

thulium, ytterbium, lutetium, tantalum, tungsten, rhenium, osmiimi, iridium, platinum, gold,

mercury, thallium, lead, thorium and uranium.

15 247. The sample of claim 245, wherein the polypeptide is labeled with seleno-

methionine.

248. The sample of claim 245, further comprising a cryo-protectant.

249. The sample of claim 248, wherein the cryo-protectant is one of the following:

methyl pentanediol, isopropanol, ethylene glycol, glycerol, formate, citrate, mineral oil and

20 a low-molecular-weight polyethylene glycol.

250. A crystallized, recombinant polypeptide comprising: (a) an amino acid

sequence set forth in SEQ ID NO: 86 or SEQ ID NO: 88; (b) an amino acid sequence

having at least about 95% identity with the amino acid sequence set forth in SEQ ID NO:

86 or SEQ ID NO: 88; or (c) an amino acid sequence encoded by a polynucleotide that

25 hybridizes under stringent conditions to the complementary strand of a polynucleotide

having SEQ ID NO: 85 or SEQ ID NO: 87 and has at least one biological activity ofUDP-

N-acetylglucosamine pyrophosphorylase from E, faecalis; wherein the polypeptide of (a),

(b) or (c) is in crystal form.

25 1 . A crystallized complex comprising the crystallized, recombinant polypeptide

30 of claim 250 and a co-factor, wherein the complex is in crystal form.

252. A crystallized complex comprising the crystallized, recombinant polypeptide

of claim 250 and a small organic molecule, wherein the complex is in crystal form.
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253. The crystallized, recombinant polypeptide of claim 250, which diffiracts x-rays

to a resolution of about 3.5 A or better.

254. The crystallized, recombinant polypeptide of claim 250, wherein the

polypeptide comprises at least one heavy atom label.

255. The crystallized, recombinant polypeptide of claim 254, wherein the

polypeptide is labeled with seleno-methionine.

256. A method for designing a modulator for the prevention or treatment of E,

faecalis related disease or disorder, comprising:

(a) providing a three-dimensional structure for a crystaUized, recombinant

polypeptide of claim 250;

(b) identifying a potential modtdator for the prevention or treatment of E. faecalis

related disease or disorder by reference to the three-dimensional structure;

(c) contacting a polypeptide of the composition of claim 238 or E, faecalis with the

potential modulator; and

(d) assaying the activity ofthe polypeptide or determining the viability oiE, faecalis

after contact with the modulator, wherein a change in the activity of the polypeptide or the

viability of E, faecalis indicates that the modulator may be useful for prevention or

treatment ofa faecalis related disease or disorder.

257. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 86 or SEQ ID

NO: 88; (b) an amino acid sequence having at least about 95% identity with the amino acid

sequence set forth in SEQ ID NO: 86 or SEQ ID NO: 88; or (c) an amino acid sequence

encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 85 or SEQ ID NO: 87 and

has at least one biological activity of UDP-N-acetylglucosamine pyrophosphorylase from

E. faecalis; and wherein the polypeptide of (a), (b) or (c) is enriched in at least one NMR
isotope.

258. The sample of claim 257, wherein the NMR isotope is one of the following:

hydrogen-1 (^H), hydrogen-2 (^H), hydrogen-3 (^H), phosphorous-3 1 (^^P), sodium-23

(^^Na), nitrogen-14 (^^N), nitrogen-15 (^-'N), carbon-13 (^^C) and fluorine-19 (^^F).

259. The sample of claim 257, further comprising a deuterium lock solvent.
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260. The sample of claim 259, wherein the deuterivim lock solvent is one of the

following: acetone (CD3COCD3), chloroform (CDCI3), dichloro methane (CD2CI2),

methyhiitrile (CD3CN), benzene (CeDg), water (D2O), diethylether ((CD3CD2)20),

dimethylether ((€03)20), N,N-dimethylfomiamide ((CD3)2NCDO), dimethyl sulfoxide

(CD3SOCD3), ethanol (CD3CD2OD), methanol (CD3OD), tetrahydrofuran (C4D8O), toluene

(C6D5CD3), pyridine (C5D5N) and cyclohexane (CeHia).

261
.
The sample of claim 257, which is contained within anNMR tube.

262. A method for identifying small molecules that bind to a polypeptide of the

composition of claim 238, comprising:

(a) generating a first NMR spectrum of an isotopically labeled polypeptide of the

composition of claim 238;

(b) exposing the polypeptide to one or more small molecules;

(c) generating a second NMR spectrum of the polypeptide which has been exposed

to one or more small molecules; and

(d) comparing the first and second spectra to determine differences between the first

and the second spectra, wherein the differences are indicative of one or more small

molecules that have bound to the polypeptide.

263. A host cell comprising a nucleic acid encoding a polypeptide comprising: (a)

an amino acid sequence set forth in SEQ ID NO: 86 or SEQ ID NO: 88; (b) an amino acid

sequence having at least about 95% identity with the amino acid sequence set forth in SEQ
ID NO: 86 or SEQ ID NO: 88; or (c) an amino acid sequence encoded by a polynucleotide

that hybridizes under stringent conditions to the complementary strand of a polynucleotide

having SEQ ID NO: 85 or SEQ ID NO: 87 and has at least one biological activity ofUDP-
N-acetylglucosamine pyrophosphorylase fi-om E. faecalis; wherein a culture of the host cell

produces at least about 1 mg of the polypeptide per liter of culture and the polypeptide is at

least about one-third soluble as measured by gel electrophoresis.

264. A composition comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 95 or SEQ ID
NO: 97; (b) an amino acid sequence having at least about 95% identity with the amino acid

sequence set forth in SEQ ID NO: 95 or SEQ ID NO: 97; or (c) an amino acid sequence

encoded by a polynucleotide that hybridizes imder stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 94 or SEQ ID NO: 96 and
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has at least one biological activity of lJDP-N-acetylmuramoylalamne--D-glutamate ligase

from E, faecalis\ and wherein the polypeptide of (a), (b) or (c) is at least about 90% pure in

a sample of the composition.

265. The composition of claim 264, wherein the polypeptide is at least about 95%

5 pure as determined by gel electrophoresis.

266. The composition of claim 264, wherein the polypeptide is purified to essential

homogeneity.

267. The composition of claim 264, wherein at least about two-thirds of the

polypeptide in the sample is soluble.

10 268, The composition of claim 264, wherein the polypeptide is fiised to at least one

heterologous polypeptide that increases the solubility or stability of the polypeptide.

269. The composition of claim 264, which further comprises a matrix suitable for

mass spectrometry.

270. The composition of claim 269, wherein the matrix is a nicotinic acid derivative

15 or a cinnamic acid derivative.

271. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 95 or SEQ ID

NO: 97; (b) an amino acid sequence having at least about 95% identity with the amino acid

sequence set forth in SEQ ID NO: 95 or SEQ ID NO: 97; or (c) an amino acid sequence

20 encoded by a polynucleotide that hybridizes imder stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 94 or SEQ ID NO: 96 and

has at least one biological activity of UDP-N-acetylmuramoylalanine—D-glutamate ligase

from E. faecalis\ and wherein the polypeptide of (a), (b) or (c) is labeled with a heavy atom.

272. The sample of claim 271, wherein the heavy atom is one of the following:

25 cobalt, selenium, krypton, bromine, strontium, molybdenum, mthenium, rhodixmi,

palladium, silver, cadmium, tin, iodine, xenon, barium, lanthanum, ceriimi, praseodymium,

neodymium, samarixun, eviropiimi, gadolinium, terbium, dysprosium, holmium, erbium,

thulium, ytterbiuin, lutetium, tantalum, timgsten, rhenium, osmium, iridium, platinum, gold,

mercury, thallium, lead, tihorium and uranium.

30 273. The sample of claim 271, wherein the polypeptide is labeled with seleno-

methionine.

274, The sample of claim 271, further comprising a cryo-protectant.
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275. The sample of claim 274, wherein the cryo-protectant is one of the following:

methyl pentanediol, isopropanol, ethylene glycol, glycerol, formate, citrate, mineral oil and

a low-molecular-weight polyethylene glycol.

276. A crystallized, recombinant polypeptide comprising: (a) an amino acid

5 sequence set forth in SEQ ID NO: 95 or SEQ ID NO: 97; (b) an amino acid sequence

having at least about 95% identity with the amino acid sequence set forth in SEQ ID NO:

95 or SEQ ID NO: 97; or (c) an amino acid sequence encoded by a polynucleotide that

hybridizes under stringent conditions to the complementary strand of a polynucleotide

having SEQ ID NO: 94 or SEQ ID NO: 96 and has at least one biological activity ofUDP-

10 N-acetylmuramoylalanine—D-glutamate ligase from E.faecalis\ wherein the polypeptide of

(a), (b) or (c) is in crystal form.

277. A crystallized complex comprising the crystallized, recombinant polypeptide

ofclaim 276 and a co-factor, wherein the complex is in crystal form.

278. A crystallized complex comprising the crystallized, recombinant polypeptide

15 ofclaim 276 and a small organic molecule, wherein the complex is in crystal form.

279. The crystallized, recombinant polypeptide of claim 276, which diffracts x-rays

to a resolution of about 3.5 A or better.

280. The crystallized, recombinant polypeptide of claim 276, wherein the

polypeptide comprises at least one heavy atom label.

20 281. The crystallized, recombinant polypeptide of claim 280, wherein the

polypeptide is labeled with seleno-methionine.

282. A method for designing a modulator for the prevention or treatment of E,

faecalis related disease or disorder, comprising:

(a) providing a three-dimensional structure for a crystallized, recombinant

25 polypeptide of claim 276;

(b) identifying a potential modulator for the prevention or treatment of E. faecalis

related disease or disorder by reference to the three-dimensional stmcture;

(c) contacting a polypeptide of the composition of claim 264 or E, faecalis with the

potential modulator; and

30 (d) assaying the activity of the polypeptide or determining the viability of faecalis

after contact with the modulator, wherein a change in the activity of the polypeptide or the
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viability of E. faecalis indicates that the modulator may be useful for prevention or

treatment of a E. faecalis related disease or disorder.

283. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 95 or SEQ ID

5 NO: 97; (b) an amino acid sequence having at least about 95% identity with the amino acid

sequence set forth in SEQ ID NO: 95 or SEQ ID NO: 97; or (c) an amino acid sequence

encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 94 or SEQ ID NO: 96 and

has at least one biological activity of UDP-N-acetylmuramoylalanine—D-glutamate ligase

10 from E. faecalis^ and wherein the polypeptide of (a), (b) or (c) is enriched in at least one

NMR isotope.

284. The sample of claim 283, wherein the NMR isotope is one of the following:

hydrogen-1 (^H), hydrogen-2 (^H), hydrogen-3 (^H), phosphorous-3 1 (^^P), sodium-23

(^^Na), nitrogen-14 (^^N), nitrogen-15 (^^N), carbon-13 (^^C) and fluorine-19 (^^F).

15 285. The sample of claim 283, further comprising a deuterium lock solvent.

286. The sample of claim 285, wherein the deuterium lock solvent is one of the

following: acetone (CD3COCD3), chloroform (CDCI3), dichloro methane (CD2CI2),

methylnitrile (CD3CN), benzene (CeDe), water (D2O), diethylether ((CD3CD2)20),

dimethylether ((CD3)20), N,N-dimethylformamide ((CD3)2NCDO), dimethyl sulfoxide

20 (CD3SOCD3), ethanol (CD3CD2OD), methanol (CD3OD), tetrahydrofuran (C4D8O), toluene

(C6D5CD3), pyridine (C5D5N) and cyclohexane (C6H12).

287. The sample ofclaim 283, which is contained within anNMR tube.

288. A method for identifying small molecules that bind to a polypeptide of the

composition of claim 264, comprising:

25 (a) generating a first NMR spectrum of an isotopically labeled polypeptide of the

composition of claim 264;

(b) exposing the polypeptide to one or more smaU molecules;

(c) generating a second NMR spectrum of the polypeptide which has been exposed

to one or more small molecules; and

30 (d) comparing the first and second spectra to determine differences between the first

and the second spectra, wherein the differences are indicative of one or more small

molecules that have bound to the polypeptide.
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289. A host cell comprising a nucleic acid encoding a polypeptide comprising: (a)

an amino acid sequence set forth in SEQ ID NO: 95 or SEQ ID NO: 97; (b) an amino acid

sequence having at least about 95% identity with the amino acid sequence set forth in SEQ

ID NO: 95 or SEQ ID NO: 97; or (c) an amino acid sequence encoded by a polynucleotide

5 that hybridizes under stringent conditions to the complementary strand of a polynucleotide

having SEQ ID NO: 94 or SEQ ID NO: 96 and has at least one biological activity ofUDP-

N-acetylmuramoylalanine--D-glutamate ligase from E, faecalis; wherein a culture of the

host cell produces at least about 1 mg of the polypeptide per liter of culture and the

polypeptide is at least about one-third soluble as measured by gel electrophoresis.

10 290. A composition comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 104 or SEQ ID

NO: 106; (b) an amino acid sequence having at least about 95% identity with the amino

acid sequence set forth in SEQ ID NO: 104 or SEQ ID NO: 106; or (c) an amino acid

sequence encoded by a polynucleotide that hybridizes under stringent conditions to the

15 complementary strand of a polynucleotide having SEQ ID NO: 103 or SEQ ID NO: 105

and has at least one biological activity of UDP-N-acetyl-muramate:alanine Ugase from E.

coli; and wherein the polypeptide of (a), (b) or (c) is at least about 90% pure in a sample of

the composition,

291. The composition of claim 290, wherein the polypeptide is at least about 95%

20 pure as determined by gel electrophoresis.

292. The composition of claim 290, wherein the polypeptide is purified to essential

homogeneity.

293. The composition of claim 290, wherein at least about two-thirds of the

polypeptide in the sample is soluble.

25 294. The composition of claim 290, wherein the polypeptide is fused to at least one

heterologous polypeptide that increases the solubility or stability of the polypeptide.

295. The composition of claim 290, which further comprises a matrix suitable for

mass spectrometry.

296. The composition of claim 295, wherein the matrix is a nicotinic acid derivative

30 or a cinnamic acid derivative.

297. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 104 or SEQ ID

NO: 106; (b) an amino acid sequence having at least about 95% identity with the amino
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acid sequence set forth in SEQ ED NO: 104 or SEQ ID NO: 106; or (c) an amino acid

sequence encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 103 or SEQ ID NO: 105

and has at least one biological activity of UDP-N-acetyl-muramate:alanine ligase from E.

5 coli; and wherein tiie polypeptide of (a), (b) or (c) is labeled with a heavy atom.

298. The sample of claim 297, wherein the heavy atom is one of the following:

cobalt, selenium, krypton, bromine, strontium, molybdenum, ruliienium, rhodium,

palladium, silver, cadmium, tin, iodine, xenon, barium, lanthanxmi, cerium, praseodymium,

neodymium, samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium,

10 thuliima, ytterbiimi, lutetium, tantalum, timgsten, rhenium, osmium, iridium, platinum, gold,

mercury, thalUum, lead, thorium and uranium.

299. The sample of claim 297, wherein the polypeptide is labeled with seleno-

methionine.

300. The sample of claim 297, further comprising a cryo-protectant.

15 301. The sample of claim 300, wherein the cryo-protectant is one of the following:

methyl pentanediol, isopropanol, ethylene glycol, glycerol, formate, citrate, mineral oil and

a low-molecular-weight polyethylene glycol.

302. A crystallized, recombinant polypeptide comprising: (a) an amino acid

sequence set forth in SEQ ID NO: 104 or SEQ ID NO: 106; (b) an amino acid sequence

20 having at least about 95% identity with the amino acid sequence set forth in SEQ ID NO:

104 or SEQ ID NO: 106; or (c) an amino acid sequence encoded by a polynucleotide that

hybridizes under stringent conditions to the complementary strand of a polynucleotide

having SEQ ID NO: 103 or SEQ ID NO: 105 and has at least one biological activity of

UDP-N-acetyl-muramate:alanine ligase from E, coli; wherein the polypeptide of (a), (b) or
4

25 (c) is in crystal form.

303. A crystalUzed complex comprising the crystalUzed, recombinant polypeptide

of claim 302 and a co-factor, wherein the complex is in crystal fomi.

304. A crystalUzed complex comprising the crystallized, recombinant polypeptide

of claim 302 and a small organic molecule, wherein the complex is in crystal form.

30 305. The crystallized, recombinant polypeptide of claim 302, which diffracts x-rays

to a resolution of about 3.5 A or better.

306. The crystalUzed, recombinant polypeptide of claim 302, wherein tiie

polypeptide comprises at least one heavy atom label.
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307. The crystallized, recombinant polypeptide of claim 306, wherein the

polypeptide is labeled with seleno-methionine.

308. A method for designing a modulator for the prevention or treatment of ^. coli

related disease or disorder, comprising:

5 (a) providing a three-dimensional structure for a crystallized, recombinant

polypeptide of claim 302;

(b) identifying a potential modulator for the prevention or treatment of E, coli

related disease or disorder by reference to the three-dimensional structure;

(c) contacting a polypeptide of the composition of claim 290 or E. coli with the

10 potential modvdator; and

(d) assaying the activity of the polypeptide or determining the viability of E, coli

after contact with the modulator, wherein a change in the activity of the polypeptide or the

viability of E. coli indicates that the modulator may be useful for prevention or treatment of

a E. coli related disease or disorder.

15 309. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 104 or SEQ ID

NO: 106; (b) an amino acid sequence having at least about 95% identity with the amino

acid sequence set forth in SEQ ID NO: 104 or SEQ ID NO: 106; or (c) an amino acid

sequence encoded by a polynucleotide that hybridizes imder stringent conditions to the

20 complementary strand of a polynucleotide having SEQ ID NO: 103 or SEQ ID NO: 105

and has at least one biological activity of UDP-N-acetyl-miiramate:alanine ligase from E.

coli; and wherein the polypeptide of (a), (b) or (c) is enriched in at least oneNMR isotope.

310. The sample of claim 309, wherein the NMR isotope is one of the following:

hydrogen- 1 (^H), hydrogen-2 (^H), hydrogen-3 (^H), phosphorous-3 1 (^^P), sodium-23

25 (^^Na), nitrogen-14 (^^, nitrogen-15 (^^N), carbon-13 (^^C) and fluorine-19 (^^F).

311. The sample of claim 309, further comprising a deuterium lock solvent.

312. The sample of claim 311, wherein the deuterixmi lock solvent is one of the

following: acetone (CD3COCD3), chloroform (CDCI3), dichloro methane (CD2CI2),

methyhiitrile (CD3CN), benzene (CeDeX water (D2O), diethylether ((CD3CD2)20),

30 dimethylether ((CD3)20), N,N-dimethylfonnamide ((CD3)2NCDO), dimethyl sulfoxide

(CD3SOCD3), ethanol (CD3CD2OD), methanol (CD3OD), tetrahydrofuran (C4D8O), toluene

(C6D5CD3), pyridine (C5D5N) and cyclohexane (C6H12).
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313. The sample of claim 309, which is contained within anNMR tube.

314. A method for identifying small molecules that bind to a polypeptide of the

composition of claim 290, comprising:

(a) generating a first NMR spectram of an isotopically labeled polypeptide of the

5 composition ofclaim 290;

(b) exposing the polypeptide to one or more small molecules;

(c) generating a second NMR spectrum of the polypeptide which has been exposed

to one or more small molecules; and

(d) comparing the first and second spectra to determine differences between the first

10 and the second spectra, wherein the differences are indicative of one or more small

molecules that have bound to the polypeptide.

315. A host cell comprising a nucleic acid encoding a polypeptide comprising: (a)

an amino acid sequence set forth in SEQ ID NO: 104 or SEQ ID NO: 106; (b) an amino

acid sequence having at least about 95% identity with the amino acid sequence set forth in

15 SEQ ID NO: 104 or SEQ ID NO: 106; or (c) an amino acid sequence encoded by a

poljoiucleotide that hybridizes under stringent conditions to the complementary strand of a

polynucleotide having SEQ ID NO: 103 or SEQ ID NO: 105 and has at least one biological

activity of UDP-N~acetyl-miiramate:alanine ligase from E, coli; wherein a culture of the

host cell produces at least about 1 mg of the polypeptide per liter of culture and the

20 polypeptide is at least about one-third soluble as measured by gel electrophoresis.

316. A composition comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 1 13 or SEQ ID

NO: 115; (b) an amino acid sequence having at least about 95% identity with the amino

acid sequence set forth in SEQ ID NO: 113 or SEQ ID NO: 115; or (c) an amino acid

25 sequence encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 112 or SEQ ID NO: 114

and has at least one biological activity of aspartate semialdehyde dehydrogenase from H.

influenzae ; and wherein the polypeptide of (a), (b) or (c) is at least about 90% pure in a

sample of the composition.

30 317. The composition of claim 316, wherein the polypeptide is at least about 95%

pure as determined by gel electrophoresis.
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318. The composition of claim 316, wherein the polypeptide is purified to essential

homogeneity.

319. The composition of claim 316, wherein at least about two-thirds of the

polypeptide in the sample is soluble.

5 320. The composition of claim 316, wherein the polypeptide is fused to at least one

heterologous polypeptide that increases the solubility or stabiUty of the polypeptide.

321. The composition of claim 316, which further comprises a matrix suitable for

mass spectrometry.

322. The composition of claim 321, wherein the matrix is a nicotinic acid derivative

10 or a cinnamic acid derivative.

323. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 1 13 or SEQ ID

NO: 115; (b) an amino acid sequence having at least about 95% identity with the amino

acid sequence set forth in SEQ ID NO: 113 or SEQ ID NO: 115; or (c) an amino acid

15 sequence encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 112 or SEQ ID NO: 114

and has at least one biological activity of aspartate semialdehyde dehydrogenase firom H.

influenzae ; and wherein the polypeptide of (a), (b) or (c) is labeled witihi a heavy atom.

324. The sample of claim 323, wherein the heavy atom is one of the following:

20 cobalt, selenium, krypton, bromine, strontium, molybdenum, mtheniiun, rhodium,

palladium, silver, cadmium, tin, iodine, xenon, barium, lanthanum, cerium, praseodymium,

neodymitmi, samarivun, europium, gadolinium, terbium, dysprosium, hohnium, erbium,

thulixmi, ytterbium, lutetium, tantalum, tungsten, rhenium, osmium, iridium, platinum, gold,

mercury, thallium, lead, thoriimi and uranium.

25 325. The sample of claim 323, wherein the polypeptide is labeled with seleno-

methionine.

326. The sample of claim 323, further comprising a cryo-protectant.

327. The sample of claim 326, wherein the cryo-protectant is one of the following:

methyl pentanediol, isopropanol, ethylene glycol, glycerol, formate, citrate, mineral oil and

30 a low-molecular-weight polyethylene glycol.

328. A crystallized, recombiaant polypeptide comprising: (a) an amino acid

sequence set forth in SEQ ID NO: 113 or SEQ ID NO: 115; (b) an amino acid sequence

having at least about 95% identity with the amino acid sequence set forth in SEQ ID NO:
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113 or SEQ ID NO: 115; or (c) an amino acid sequence encoded by a polynucleotide that

hybridizes under stringent conditions to the complementary strand of a polynucleotide

having SEQ ID NO: 1 12 or SEQ ID NO: 1 14 and has at least one biological activity of

aspartate semialdehyde dehydrogenase from H, influenzae ; wherein the polypeptide of (a),

5 (b) or (c) is in crystal form.

329. A crystallized complex comprising the crystallized, recombinant polypeptide

of claim 328 and a co-factor, wherein the complex is in crystal form.

330. A crystallized complex comprising the crystallized, recombinant polypeptide

of claim 328 and a small organic molecule, wherein the complex is in crystal form.

10 331. The crystallized, recombinant polypeptide of claim 328, which diffracts x-rays

to a resolution of about 3.5 A or better.

332. The crystallized, recombinant polypeptide of claim 328, wherein the

polypeptide comprises at least one heavy atom label.

333. The crystalUzed, recombinant polypeptide of claim 332, wherein the

1 5 polypeptide is labeled with seleno-methionine.

334. A method for designing a modulator for the prevention or treatment of H.

influenzae related disease or disorder, comprising:

(a) providing a three-dimensional structure for a crystallized, recombinant

polypeptide ofclaim 328;

20 (b) identifying a potential modulator for the prevention or treatment ofH, influenzae

related disease or disorder by reference to the three-dimensional structure;

(c) contacting a polypeptide of the composition of claim 316 ox K influenzae with

the potential modulator; and

(d) £issaying the activity of the polypeptide or determining the viability of H.

25 influenzae after contact with the modulator, wherein a change in the activity of the

polypeptide or the viability ofH. influenzae indicates that the modulator may be useful for

prevention or treatment of a H, influenzae related disease or disorder.

335. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 113 or SEQ ID

30 NO: 115; (b) an amino acid sequence having at least about 95% identity with the amino

acid sequence set forth in SEQ ID NO: 113 or SEQ ID NO: 115; or (c) an amino acid

sequence encoded by a polynucleotide that hybridizes imder stringent conditions to the

-212-



wo 03/087353 PCT/CA03/00481

complementary strand of a polynucleotide having SEQ ID NO: 112 or SEQ ID NO: 114

and has at least one biological activity of aspartate semialdehyde dehydrogenase from H,

influenzae ; and wherein the polypeptide of (a), (b) or (c) is enriched in at least one NMR
isotope.

5 336. The sample of claim 335, wherein the NMR isotope is one of the following:

hydrogen-1 (^H), hydrogen-2 (^H), hydrogen-3 (^H), phosphorous-3 1 (^^P), sodium-23

(^^Na), nitrogen-14 (^^N), nitrogen-15 (^^N), carbon-13 (^^C) and fluorine^l9 (^^F).

337. The sample of claim 335, further comprising a deuterium lock solvent.

338. The sample of claim 337, wherein the deuterium lock solvent is one of the

10 following: acetone (CD3COCD3), chloroform (CDCI3), dichloro methane (CD2CI2),

methybiitrile (CD3CN), benzene (CeDe), water (D2O), diethylether ((CD3CD2)20),

dimethylether ((CD3)20), N,N-dimethylformamide ((CD3)2NCDO), dimethyl sulfoxide

(CD3SOCD3), ethanol (CD3CD2OD), methanol (CD3OD), tetrahydrofuran (C4D8O), toluene

(C6D5CD3), pyridine (C5D5N) and cyclohexane (C6H12).

15 339. The sample of claim 335, which is contained within anNMR tube.

340. A method for identifying small molecules that bind to a polypeptide of the

composition of claim 316, comprising:

(a) generating a first NMR spectrum of an isotopically labeled polypeptide of the

composition ofclaim 316;

20 (b) exposing the polypeptide to one or more small molecules;

(c) generating a second NMR spectrum of the polypeptide which has been exposed

to one or more small molecules; and

(d) comparing the first and second spectra to determine differences between the first

and the second spectra, wherein the differences are indicative of one or more small

25 molecules that have bound to the polypeptide.

341. A host cell comprising a nucleic acid encoding a polypeptide comprising: (a)

an amino acid sequence set forth in SEQ ID NO: 113 or SEQ ID NO: 115; (b) an amino

acid sequence having at least about 95% identity with the amino acid sequence set forth in

SEQ ID NO: 113 or SEQ ID NO: 115; or (c) an amino acid sequence encoded by a

30 polynucleotide that hybridizes under stringent conditions to the complementary strand of a

polynucleotide having SEQ ID NO: 1 12 or SEQ ID NO: 1 14 and has at least one biological

activity of aspartate semialdehyde dehydrogenase firom H. influenzae ; wherein a culture of
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the host cell produces at least about 1 mg of the polypeptide per liter of culture and the

polypeptide is at least about one-third soluble as measured by gel electrophoresis.

342. A composition comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 122 or SEQ ID

5 NO: 124; (b) an amino acid sequence having at least about 95% identity with the amino

acid sequence set forth in SEQ ID NO: 122 or SEQ ID NO: 124; or (c) an amino acid

sequence encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 121 or SEQ ID NO: 123

and has at least one biological activity of CTP:CMP-3-deoxy-D-manno-octulosonate

10 transferase from H. influenzae ; and wherein the polypeptide of (a), (b) or (c) is at least

about 90% pure in a sample ofthe composition.

343. The composition of claim 342, wherein the polypeptide is at least about 95%

pure as determined by gel electrophoresis.

344. The composition of claim 342, wherein the polypeptide is purified to essential

15 homogeneity.

345. The composition of claim 342, wherein at least about two-thirds of the

polypeptide in the sample is soluble.

346. The composition of claim 342, wherein the polypeptide is fused to at least one

heterologous polypeptide that increases the solubility or stability ofthe polypeptide.

20 347. The composition of claim 342, which further comprises a matrix suitable for

mass spectrometry.

348. The composition of claim 347, wherein the matrix is a nicotinic acid derivative

or a cinnamic acid derivative.

349. A sample comprising an isolated, recombinant polypeptide, wherein the

25 polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 122 or SEQ ID

NO: 124; (b) an amino acid sequence having at least about 95% identity with the amino

acid sequence set forth in SEQ ID NO: 122 or SEQ ID NO: 124; or (c) an amino acid

sequence encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 121 or SEQ ID NO: 123

30 and has at least one biological activity of CTP:CMP-3-deoxy-D-manno-octulosonate

transferase from H, influenzae ; and wherein the polypeptide of (a), (b) or (c) is labeled with

a heavy atom.
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350. The sample of claim 349, wherein the heavy atom is one of the following:

cobalt, selenium, krypton, bromine, strontium, molybdenum, ruthenium, rhodixmi,

palladium, silver, cadmium, tin, iodine, xenon, barium, lanthanum, cerium, praseodymixmi,

neodymium, samarium, europium, gadolinium, terbiimi, dysprosium, holmium, erbium,

5 thulium, ytterbixmi, lutetium, tantalum, tungsten, rhenixmi, osmium, iridium, platinum, goldj

mercury, thallium, lead, thorium and uranium.

351. The sample of claim 349, wherein the polypeptide is labeled with seleno-

methionine.

352. The sample of claim 349, further comprising a cryo-protectant.

10 353. The sample of claim 352, wherein the cryo-protectant is one of the following:

methyl pentanediol, isopropanol, ethylene glycol, glycerol, formate, citrate, mineral oil and

a low-molecular-weight polyethylene glycol.

354. A crystallized, recombinant polypeptide comprising: (a) an amino acid

sequence set forth in SEQ ID NO: 122 or SEQ ID NO: 124; (b) an amino acid sequence

15 having at least about 95% identity with the amino acid sequence set forth in SEQ ID NO:

122 or SEQ ID NO: 124; or (c) an amino acid sequence encoded by a polynucleotide that

hybridizes under stringent conditions to the complementary strand of a polynucleotide

having SEQ ID NO: 121 or SEQ ID NO: 123 and.has at least one biological activity of

CTP:CMP-3-deoxy-D-manno-octulosonate transferase from H, influenzae ; wherein the

20 polypeptide of (a), (b) or (c) is in crystal form.

355. A crystallized complex comprising the crystallized, recombinant polypeptide

ofclaim 354 and a co-factor, wherein the complex is in crystal form.

356. A crystallized complex comprising the crystallized, recombinant polypeptide

ofclaim 354 and a small organic molecule, wherein the complex is in crystal form.

25 357. The crystallized, recombinant polypeptide of claim 354, which diffracts x-rays

to a resolution of about 3.5 A or better.

358. The crystallized, recombinant polypeptide of claim 354, wherein the

polypeptide comprises at least one heavy atom label.

359. The crystallized, recombinant polypeptide of claim 358, wherein the

30 polypeptide is labeled with seleno-methionine.

360. A method for designing a modulator for the prevention or treatment of H,

influenzae related disease or disorder, comprising:
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(a) providing a three-dimensional structure for a crystallized, recombinant

polypeptide of claim 354;

(b) identifying a potential modulator for the prevention or treatment ofH. influenzae

related disease or disorder by reference to the three-dimensional structure;

5 (c) contacting a polypeptide of the composition of claim 342 or H. influenzae with

the potential modulator; and

(d) assaying the activity of the polypeptide or determining the viability of H.

influenzae after contact with the modulator, wherein a change in the activity of the

polypeptide or the viability ofH. influenzae indicates that the modulator may be useful for

10 prevention or treatment of a H, influenzae related disease or disorder.

361. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 122 or SEQ ID

NO: 124; (b) an amino acid sequence having at least about 95% identity with the amino

acid sequence set forth in SEQ ID NO: 122 or SEQ ID NO: 124; or (c) an amino acid

15 sequence encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 121 or SEQ ID NO: 123

and has at least one biological activity of CTP:CMP-3-deoxy-D-manno-octulosonate

transferase from H. influenzae ; and wherein the polypeptide of (a), (b) or (c) is enriched in

at least oneNMR isotope.

20 362. The sample of claim 361, wherein the NMR isotope is one of the following:

hydrogen-1 (^H), hydrogen-2 (^H), hydrogen-3 (^H), phosphorous-3 1 (^^P), sodium-23

(^^Na), nitrogen-14 (^V), nitrogen-15 (^^N), carbon-13 (^^C) and fluorine-19 (^^F).

363. The sample of claim 361, further comprising a deuterium lock solvent.

364. The sample of claim 363, wherein the deuteriron lock solvent is one of the

25 following: acetone (CD3COCD3), chloroform (CDCI3), dichloro methane (CD2CI2),

methylnitrile (CD3CN), benzene (CeDe), water (D2O), diethylether ((CD3CD2)20),

dimethylether ((CD3)20), N,N-dimethylformamide ((CD3)2NCDO), dimethyl sulfoxide

(CD3SOCD3), ethanol (CD3CD2OD), methanol (CD3OD), tetrahydrofuran (C4D8O), toluene

(C6D5CD3), pyridine (C5D5N) and cyclohexane (CgHn).

30 365. The sample of claim 361, which is contained within anNMR tube.

366. A method for identifying small molecules that bind to a polypeptide of the

composition of claim 342, comprising:
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(a) generating a first NMR spectrum of an isotopically labeled polypeptide of the

composition of claim 342;

(b) exposing the polypeptide to one or more small molecules;

(c) generating a second NMR spectrum of the polypeptide which has been exposed

5 to one or more small molecules; and

(d) comparing the first and second spectra to determine differences between the first

and the second spectra, wherein the differences are indicative of one or more small

molecules that have bound to the polypeptide.

367. A host cell comprising a nucleic acid encoding a polypeptide comprising: (a)

10 an amino acid sequence set forth in SEQ ID NO: 122 or SEQ ID NO: 124; (b) an anuno

acid sequence having at least about 95% identity with the amino acid sequence set forth in

SEQ ID NO: 122 or SEQ ID NO: 124; or (c) an amino acid sequence encoded by a

polynucleotide that hybridizes under stringent conditions to the complementary strand of a

polynucleotide having SEQ ID NO: 121 or SEQ ID NO: 123 and has at least one biological

15 activity of CTP:CMP-3-deoxy-D-mamio~octulosonate transferase firom H, influenzae ;

wherein a culture ofthe host cell produces at least about 1 mg of the polypeptide per liter of

culture and the polypeptide is at least about one-third soluble as measured by gel

electrophoresis.

368. A composition comprising an isolated, recombinant polypeptide, wherein the

20 polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 131 or SEQ ID

NO: 133; (b) an amino acid sequence having at least about 95% identity with the amino

acid sequence set forth in SEQ ID NO: 131 or SEQ ID NO: 133; or (c) an amino acid

sequence encoded by a polynucleotide that hybridizes imder stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 130 or SEQ ID NO: 132

25 and has at least one biological activity of UDP-N-acetylenolpyruvoylglucosamine reductase

fi-omK influenzae ; and wherein the polypeptide of (a), (b) or (c) is at least about 90% pure

in a sample ofthe composition.

369. The composition of claim 368, wherein the polypeptide is at least about 95%

pure as determined by gel electrophoresis.

30 370. The composition of claim 368, wherein the polypeptide is purified to essential

homogeneity.
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371. The composition of claim 368, wherein at least about two-thirds of the

polypeptide in the sample is soluble.

372. The composition of claim 368, wherein the polypeptide is fused to at least one

heterologous polypeptide that increases the solubility or stability of the polypeptide.

5 373. The composition of claim 368, which further comprises a matrix suitable for

mass spectrometry.

374. The composition of claim 373, wherein the matrix is a nicotinic acid derivative

or a cinnamic acid derivative.

375. A sample comprising an isolated, recombinant polj^eptide, wherein the

10 polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 131 or SEQ ID

NO: 133; (b) an amino acid sequence having at least about 95% identity with the amino

acid sequence set forth in SEQ ID NO: 131 or SEQ ID NO: 133; or (c) an amino acid

sequence encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 130 or SEQ ID NO: 132

15 and has at least one biological activity ofUDP-N-acetylenolpyruvoylglucosamine reductase

from H. influenzae ; and wherein the polypeptide of (a), (b) or (c) is labeled with a heavy

atom.

376. The sample of claim 375, wherein the heavy atom is one of the following:

cobalt, selenium, krypton, bromine, strontiimi, molybdenum, ruthenium, rhodivim,

20 palladium, silver, cadmium, tin, iodine, xenon, barium, lanthanum, cerium, praseodymium,

neodymium, samarium, europium, gadolinium, terbium, dysprosixmi, hokoium, erbium,

thulium, ytterbium, lutetium, tantalum, tungsten, rhenium, osmium, iridium, platinum, gold,

merctiry, thallium, lead, thoriimi and uranium.

377. The sample of claim 375, wherein the polypeptide is labeled with seleno-

25 methionine.

378. The sample of claim 375, further comprising a cryo-protectant.

379. The sample of claim 378, wherein the cryo-protectant is one of the following:

methyl pentanediol, isopropanol, ethylene glycol, glycerol, formate, citrate, mineral oil and

a low-molecular-weight polyethylene glycol.

30 380. A crystallized, recombinant polypeptide comprising: (a) an amino acid

sequence set forth in SEQ ID NO: 131 or SEQ ID NO: 133; (b) an amino acid sequence

having at least about 95% identity with the amino acid sequence set forth in SEQ ID NO:

131 or SEQ ID NO: 133; or (c) an amino acid sequence encoded by a polynucleotide that
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hybridizes under stringent conditions to the complementary strand of a polynucleotide

having SEQ ID NO: 130 or SEQ ID NO; 132 and has at least one biological activity of

UDP-N-acetylenolpyruvoylglucosamine reductase from H. influenzae ; wherein the

polypeptide of (a), (b) or (c) is in crystal form.

5 381. A crystallized complex comprising the crystallized, recombinant polypeptide

of claim 380 and a co-factor, wherein the complex is in crystal form.

382. A crystallized complex comprising the crystallized, recombinant polypeptide

of claim 380 and a small organic molecule, wherein the complex is in crystal form.

383. The crystallized, recombinant polypeptide of claim 380, which diffracts x-rays

10 to a resolution of about 3,5 A or better.

384. The crystallized, recombinant polypeptide of claim 380, wherein the

polypeptide comprises at least one heavy atom label,

385. The crystallized, recombinant polypeptide of claim 384, wherein the

polypeptide is labeled with seleno-methionine.

15 386. A method for designing a modulator for the prevention or treatment of H,

influenzae related disease or disorder, comprising:

(a) providing a three-dimensional structure for a crystallized, recombinant

polypeptide ofclaim 380;

(b) identifying a potential modulator for the prevention or treatment of influenzae

20 related disease or disorder by reference to the three-dimensional structure;

(c) contacting a polypeptide of the composition of claim 1 or H, influenzae with the

potential modulator; and

(d) assaying the activity of the polypeptide or determining the viability of H.

influenzae after contact with the modulator, wherein a change in the activity of the

25 polypeptide or the viability of if. influenzae indicates that the modulator may be useftil for

prevention or treatment of a H, influenzae related disease or disorder.

387. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 131 or SEQ ID

NO: 133; (b) an amino acid sequence having at least about 95% identity with the amino

30 acid sequence set forth in SEQ ID NO: 131 or SEQ ID NO: 133; or (c) an amino acid

sequence encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 130 or SEQ ID NO: 132
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and has at least one biological activity ofUDP-N~acetylenolpyruvoylglucosamine reductase

from H, influenzae ; and wherein the polypeptide of (a), (b) or (c) is enriched in at least one

NMR isotope.

388. The sample of claim 387, wherein the NMR isotope is one of the following:

5 hydrogen-1 (^H), hydrogen-2 (^H), hydrogen-3 ("^H), phosphorous-3 1 ("^^P), sodiimi-23

(^^Na), nitrogen-14 (^^^N), nitrogen-15 (^^N), carbon-13 (^^C) and fluorine-19 (^^F).

389. The sample of claim 387, further comprising a deuterixmi lock solvent.

390. The sample of claim 390, wherein the deuterium lock solvent is one of the

following: acetone (CD3COCD3), chloroform (CDCI3), dichloro methane (CD2CI2),

10 methykiitrile (CD3CN), benzene (CeDe), water (D2O), diethylether ((CD3CD2)20),

dimethylether ((CD3)20), N,N-dimethylformamide ((CD3)2NCDO), dimethyl sulfoxide

(CD3SOCD3), ethanol (CD3CD2OD), methanol (CD3OD), tetrahydrofuran (C4D8O), toluene

(C6D5CD3), pyridine (C5D5N) and cyclohexane (CeHu).

391. The sample of claim 387, which is contained within anNMR tube.

15 392- A method for identifying small molecules that bind to a polypeptide of the

composition of claim 368, comprising:

(a) generating a first NMR spectrum of an isotopically labeled polypeptide of the

composition of claim 368;

(b) exposing the polypeptide to one or more small molecules;

20 (c) generating a second NMR spectrum of the polypeptide which has been exposed

to one or more small molecules; and

(d) comparing the first and second spectra to determine differences between the first

and the second spectra, wherein the differences are indicative of one or more small

molecules that have bound to the pol3^eptide.

25 393. A host cell comprising a nucleic acid encoding a polypeptide comprising: (a)

an amino acid sequence set forth in SEQ ID NO: 131 or SEQ ID NO: 133; (b) an amino

acid sequence having at least about 95% identity with the amino acid sequence set forth in

SEQ ID NO: 131 or SEQ ID NO: 133; or (c) an amino acid sequence encoded by a

polynucleotide that hybridizes under stringent conditions to the complementary strand of a

30 polynucleotide having SEQ ID NO: 130 or SEQ ID NO: 132 and has at least one biological

activity of UDP-N-acetylenolpyruvoylglucosamine reductase from H, influenzae ; wherein
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a culture of the host cell produces at least about 1 mg of the polypeptide per liter of culture

and the polypeptide is at least about one-third soluble as measured by gel electrophoresis.

394. A composition comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 140 or SEQ ID

5 NO: 142; (b) an amino acid sequence having at least about 95% identity with the amino

acid sequence set forth in SEQ ID NO: 140 or SEQ ID NO: 142; or (c) an amino acid

sequence encoded by a polynucleotide that hybridizes imder stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 139 or SEQ ID NO: 141

and has at least one biological activity of UDP-N-acetylglucosamine pyrophosphorylase

10 from H. influenzae ; and wherein the polypeptide of (a), (b) or (c) is at least about 90% pure

in a sample ofthe composition.

395. The composition of claim 394, wherein the polypeptide is at least about 95%

pure as determined by gel electrophoresis.

396. The composition of claim 394, wherein the polypeptide is purified to essential

15 homogeneity.

397. The composition of claim 394, wherein at least about two-thirds of the

polypeptide in the sample is soluble.

398. The composition of claim 394, wherein the polypeptide is fused to at least one

heterologous polypeptide that increases the solubility or stability ofthe polypeptide.

20 399. A complex comprising a polypeptide of the composition of claim 394 and one

or more of the following: heat shock protein 70 (gi| 16273 156), ribosomal protein SI

(gi| 16273 139), ATP-dependent RNA heUcase (gi|16272 194), 5'-nucleotidase, putative

(gi|16272169), ribosomal protein L2 (gi| 16272721).

400. The composition of claim 394, which further comprises a matrix suitable for

25 mass spectrometry.

401. The composition of claim 400, wherein the matrix is a nicotinic acid derivative

or a ciimamic acid derivative.

402. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 140 or SEQ ID

30 NO: 142; (b) an amino acid sequence having at least about 95% identity with the amino

acid sequence set forth in SEQ ID NO: 140 or SEQ ID NO: 142; or (c) an amino acid

sequence encoded by a polynucleotide that hybridizes xmder stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 139 or SEQ ID NO: 141
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and has at least one biological activity of UDP-N-acetylglucosamine pyrophosphorylase

from H. influenzae ; and wherein the polypeptide of (a), (b) or (c) is labeled with a heavy

atom.

403. The sample of claim 402, wherein the heavy atom is one of the following:

5 cobalt, selenium, krypton, bromine, strontium, molybdenum, ruthenium, rhodium,

palladiimi, silver, cadmium, tin, iodine, xenon, barium, lanthanum, cerium, praseodymium,

neodymium, samarium, europium, gadolinium, terbium, dysprosium, holmixmi, erbium,

thulixim, ytterbium, lutetimn, tantalum, tungsten, rheniimi, osmium, iridium, platinum, gold,

mercury, thallium, lead, thorium and uranium.

10 404. The sample of claim 402, wherein the polypeptide is labeled with seleno-

methionine.

405. The sample of claim 402, further comprising a cryo-protectant

406. The sample of claim 405, wherein the cryo-protectant is one of the following:

methyl pentanediol, isopropanol, ethylene glycol, glycerol, formate, citrate, mineral oil and

15 a low-molecular-weight polyethylene glycol.

407. A crystallized, recombinant polypeptide comprising: (a) an amino acid

sequence set forth in SEQ ID NO: 140 or SEQ ID NO: 142; (b) an amino acid sequence

having at least about 95% identity with the amino acid sequence set forth in SEQ ID NO:

140 or SEQ ID NO: 142; or (c) an amino acid sequence encoded by a polynucleotide that

20 hybridizes under stringent conditions to the complementary strand of a polynucleotide

having SEQ ID NO: 139 or SEQ ID NO: 141 and has at least one biological activity of

UDP-N-acetylglucosamine pyrophosphorylase from H. influenzae ; wherein the

polypeptide of (a), (b) or (c) is in crystal form.

408. A crystallized complex comprising the crystallized, recombinant polypeptide

25 ofclaim 407 and a co-factor, wherein the complex is in crystal form.

409. A crystallized complex comprising the crystallized, recombinant polypeptide
*

of claim 407 and a small organic molecule, wherein the complex is in crystal form.

410. The crystallized, recombinant polypeptide of claim 407, which diffracts x-rays

to a resolution of about 3.5 A or better.

30 411. The crystallized, recombinant polypeptide of claim 407, wherein the

polypeptide comprises at least one heavy atom label.

412. The crystallized, recombinant polypeptide of claim 412, wherein the

polypeptide is labeled with seleno-methionine.
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413. A method for designing a modulator for the prevention or treatment of H.

influenzae related disease or disorder, comprising:

(a) providing a three-dimensional structure for a crystallized, recombinant

polypeptide of claim 407;

5 (b) identifying a potential modulator for the prevention or treatment of P.

aeruginosa related disease or disorder by reference to the three-dimensional structure;

(c) contacting a polypeptide of the composition of claim 394 or H, influenzae with

the potential modulator; and

(d) assaying the activity of the polypeptide or determining the viability of H.

10 influenzae after contact with the modulator, wherein a change in the activity of the

polypeptide or the viability ofH. influenzae indicates that the modulator may be useful for

prevention or treatment of a H. influenzae related disease or disorder.

414. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 140 or SEQ ID

15 NO: 142; (b) an amino acid sequence having at least about 95% identity with the amino

acid sequence set forth in SEQ ID NO: 140 or SEQ ID NO: 142; or (c) an amino acid

sequence encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 139 or SEQ ID NO: 141

and has at least one biological activity of UDP-N-acetylglucosamine pyrophosphorylase

20 from H. influenzae ; and wherein the polypeptide of (a), (b) or (c) is enriched in at least one

NMR isotope.

415. The sample of claim 414, wherein the NMR isotope is one of the following:

hydrogen-1 (^H), hydrogen-2 (^H), hydrogen-3 (^H), phosphorous-3 1 (^^P), sodium-23

(^^Na), nitrogen-14 (^^N), nitrogen-15 (^^N), carbon-13 (^^C) and fluorine-19 (^^F).

25 416. The sample of claim 414, further comprising a deuterium lock solvent.

417. The sample of claim 417, wherein the deuterium lock solvent is one of the

following: acetone (CD3COCD3), chloroform (CDCI3), dichloro methane (CD2CI2),

methylnitrile (CD3CN), benzene (CeDg), water (D2O), diethylether ((CD3CD2)20),

dimethylether ((003)20), N,N-dimethylformamide ((CD3)2NCDO), dimethyl sulfoxide

30 (CD3SOCD3), ethanol (CD3CD2OD), methanol (CD3OD), tetrahydrofuran (C4D8O), toluene

(C6D5CD3), pyridine (C5D5N) and cyclohexane (C6H12).

418. The sample of claim 414, which is contained within anNMR tube.
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419. A method for identifying small molecules that bind to a polypeptide of the

composition of claim 394, comprising:

(a) generating a first NMR spectrum of an isotopically labeled polypeptide of the

composition of claim 394;

5 (b) exposing the polypeptide to one or more small molecules;

(c) generating a second NMR spectrum of the polypeptide which has been exposed

to one or more small molecules; and

(d) comparing the first and second spectra to determine differences between the first

and the second spectra, wherein the differences are indicative of one or more small

10 molecules that have bound to the polypeptide.

420. A host cell comprising a nucleic acid encoding a polypeptide comprising: (a)

an amino acid sequence set forth in SEQ ID NO: 140 or SEQ ID NO: 142; (b) an amino

acid sequence having at least about 95% identity with the amino acid sequence set forth in

SEQ ID NO: 140 or SEQ ID NO: 142; or (c) an amino acid sequence encoded by a

1 5 polynucleotide that hybridizes under stringent conditions to the complementary strand of a

polynucleotide having SEQ ID NO: 139 or SEQ ID NO: 141 and has at least one biological

activity of UDP-N-acetylglucosamine pyrophosphorylase from H. influenzae ; wherein a

culture of the host cell produces at least about 1 mg of the polypeptide per Uter of culture

and the polypeptide is at least about one-third soluble as measured by gel electrophoresis.

20 421. A composition comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in or ; (b) an amino acid

sequence having at least about 95% identity with the amino acid sequence set forth in SEQ

ID NO: 149 or SEQ ID NO: 151; or (c) an amino acid sequence encoded by a

polynucleotide that hybridizes imder stringent conditions to the complementary strand of a

25 polynucleotide having SEQ ID NO: 148 or SEQ ID NO: 150 and has at least one biological

activity of UDP-N-acetyhnuramoylalanyl-D-glutamate from H, influenzae ; and wherein

the polypeptide of (a), (b) or (c) is at least about 90% pure in a sample ofthe composition.

422. The composition of claim 421, wherein the polypeptide is at least about 95%

pure as determined by gel electrophoresis.

30 423. The composition of claim 421, wherein the polypeptide is purified to essential

homogeneity.
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424. The composition of claim 421, wherein at least about two-thirds of the

polypeptide in the sample is soluble.

425. The composition of claim 421, wherein the polypeptide is fused to at least one

heterologous polypeptide that increases the solubility or stability ofthe polypeptide,

5 426. The composition of claim 421, which further comprises a matrix suitable for

mass spectrometry.

427. The composition of claim 426, wherein the matrix is a nicotinic acid derivative

or a cinnamic acid derivative.

428. A sample comprising an isolated, recombinant polypeptide, wherein the

10 polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 149 or SEQ ID

NO: 151; (b) an amino acid sequence having at least about 95% identity with the amino

acid sequence set forth in SEQ ID NO: 149 or SEQ ID NO: 151; or (c) an amino acid

sequence encoded by a poljoiucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 148 or SEQ ID NO: 150

15 and has at least one biological activity of UDP-N-acetyhnuramoylalanyl-D-glutamate from

H. influenzae ; and wherein the polypeptide of (a), (b) or (c) is labeled with a heavy atom.

429. The sample of claim 428, wherein the heavy jatom is one of the following:

cobalt, selenium, krypton, bromine, strontium, molybdenum, ruthenixmi, rhodium,

palladium, silver, cadmium, tin, iodine, xenon, barium, lanthanum, cerium, praseodymiimi,

20 neodymium, samarium, europium, gadolinium, terbium, dysprosiimi, holmium, erbium,

thulium, ytterbium, lutetium, tantalum, tungsten, rhenium, osmium, iridium, platinum, gold,

mercxjry, thallium, lead, thorium and uranimn.

430. The sample of claim 428, wherein the polypeptide is labeled with seleno-

melMoiune.

25 43 1 . The sample ofclaim 428, further comprising a cryo-protectant.

432. The sample of claim 431, wherein the cryo-protectant is one of the following:

methyl pentanediol, isopropanol, ethylene glycol, glycerol, formate, citrate, mineral oil and

a low-molecular-weight polyethylene glycol.

433. A crystallized, recombinant polypeptide comprising: (a) an amino acid

30 sequence set forth in SEQ ID NO: 149 or SEQ ID NO: 151; (b) an amino acid sequence

having at least about 95% identity with the amino acid sequence set forth in SEQ ID NO:

149 or SEQ ID NO: 151; or (c) an amino acid sequence encoded by a polynucleotide that

hybridizes under stringent conditions to the complementary strand of a poljniucleotide
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having SEQ ID NO: 148 or SEQ ID NO: 150 and has at least one biological activity of

UDP-N-acetylmuramoylalanyl-D-glutamate from K influenzae ; wherein the polypeptide

of (a), (b) or (c) is in crystal form.

434. A crystaUized complex comprising the crystaUized, recombinant polypeptide

ofclaim 433 and a co-factor, wherein the complex is in crystal form.

435. A crystallized complex comprising the crystallized, recombinant polypeptide

of claim 433 and a small organic molecule, wherein the complex is in crystal fomi.

436. The crystallized, recombinant polypeptide of claim 433, which diffracts x-rays

to a resolution of about 3,5 A or better.

437. The crystallized, recombinant polypeptide of claim 433, wherein the

polypeptide comprises at least one heavy atom label.

438. The crystalUzed, recombinant polypeptide of claim 437, wherein the

polypeptide is labeled with seleno-methionine.

439. A method for designing a modulator for the prevention or treatment of H.

influenzae related disease or disorder, comprising:

(a) providing a three-dimensional structure for a crystaUized, recombinant

polypeptide of claim 433;

(b) identifying a potential modulator for the prevention or treatment ofH. influenzae

related disease or disorder by reference to the three-dimensional structure;

(c) contacting a polypeptide of the composition of claim 421 or K influenzae with

the potential modulator; and

(d) assaying the activity of the polypeptide or determining the viability of H,

influenzae after contact with the modulator, wherein a change in the activity of the

polypeptide or the viability ofH, influenzae indicates that the modulator may be usefiil for

prevention or treatment of aK influenzae related disease or disorder.

440. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 149 or SEQ ID

NO: 151; (b) an amino acid sequence having at least about 95% identity wilh the amino

acid sequence set forth m SEQ ID NO: 149 or SEQ ID NO: 151; or (c) an amino acid

sequence encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 148 or SEQ ID NO: 150

and has at least one biological activity of UDP-N-acetylmuramoylalanyl-D-glutamate from

-226-



wo 03/087353 PCT/CA03/00481

H. influenzae ; and wherein the polypeptide of (a), (b) or (c) is enriched in at least one

NMR isotope.

441. The sample of claim 440, wherein the NMR isotope is one of the following:

hydrogen-1 (^H), hydrogen-2 (^H), hydrogen-3 (^H), phosphorous-3 1 (^^P), sodium-23

5 (^^Na), mtrogen-14 (^^N), nitrogen-15 (^^N), carbon-13 (^^C) and fluorine-19 (^^F).

442. The sample of claim 440, further comprising a deuterium lock solvent.

443. The sample of claim 442, wherein the deuterium lock solvent is one of the

following: acetone (CD3COCD3), chloroform (CDCI3), dichloro methane (CD2CI2),

methyhiitrile (CD3CN), benzene (CeDe), water (D2O), diethylether ((CD3CD2)20),

10 dimethylether ((€03)20), N,N-dimethylformamide ((CD3)2NCDO), dimethyl sidfoxide

(CD3SOCD3), ethanol (CD3CD2OD), methanol (CD3OD), tetrahydrofuran (C4D8O), toluene

(C6D5CD3), pyridine (C5D5N) and cyclohexane (C6Hi2).

444. The sample ofclaim 440, which is contained within anNMR tube.

445. A metliod for identifying small molecules that bind to a polypeptide of the

1 5 composition ofclaim 42 1 , comprising:

(a) generating a first NMR spectrum of an isotopically labeled polypeptide of the

composition ofclaim 421;

(b) exposing the polypeptide to one or more small molecules;

(c) generating a second NMR spectrum of the polypeptide which has been exposed

20 to one or more small molecules; and

(d) comparing the first and second spectra to determine differences between the first

and the second spectra, wherein the differences are indicative of one or more small

molecules that have bound to the polypeptide.

446. A host cell comprising a nucleic acid encoding a polypeptide comprising: (a)

25 an amino acid sequence set forth in SEQ ID NO: 149 or SEQ ID NO: 151; (b) an amino

acid sequence having at least about 95% identity with the amino acid sequence set forth in

SEQ ID NO: 149 or SEQ ID NO: 151; or (c) an amino acid sequence encoded by a

polynucleotide that hybridizes under stringent conditions to the complementary strand of a

polynucleotide having SEQ ID NO: 148 or SEQ ID NO: 150 and has at least one biological

30 activity of UDP-N-acetylmuramoylalanyl-D-glutamate from H. influenzae ; wherein a

culture of the host cell produces at least about 1 mg of the polypeptide per liter of culture

and the polypeptide is at least about one-third soluble as measured by gel electrophoresis.
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447. A composition comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 158 or SEQ ID

NO: 160; (b) an amino acid sequence having at least about 95% identity with the amino

acid sequence set forth in SEQ ID NO: 158 or SEQ ID NO: 160; or (c) an amino acid

sequence encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 157 or SEQ ID NO: 159

and has at least one biological activity of UDP-N~acetylmuramoylalanine-D-glutamate

ligase jfrom H, influenzae ; and wherein the polypeptide of (a), (b) or (c) is at least about

90% pure in a sample of the composition.

448. The composition of claim 447, wherein the polypeptide is at least about 95%
pure as deteraiined by gel electrophoresis.

449. The composition of claim 447, wherein the polypeptide is purified to essential

homogeneity.

450. The composition of claim 447, wherein at least about two-thirds of the

polypeptide in the sample is soluble.

45 1
. The composition of claim 447, wherein the polypeptide is fused to at least one

heterologous polypeptide that increases the solubihty or stabiUty of the polypeptide.

452. A complex comprising a polypeptide of the composition of claim 447 and -96

kDa unidentified protein.

453. The composition of claim 447, which further comprises a matrix suitable for

mass spectrometry.

454. The composition of claim 453, wherein the matrix is a nicotinic acid derivative

or a cinnamic acid derivative.

455. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 158 or SEQ ID

NO: 160; (b) an amino acid sequence having at least about 95% identity with the amino

acid sequence set forth in SEQ ID NO: 158 or SEQ ID NO: 160; or (c) an amino acid

sequence encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 157 or SEQ ID NO: 159

and has at least one biological activity of UDP-N-acetylmuramoylalanine-D-glutamate

Ugase firom K influenzae ; and wherein the polypeptide of (a), (b) or (c) is labeled with a

heavy atom.
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456. The sample of claim 455, wherein the heavy atom is one of the following:

cobalt, selenium, krypton, bromine, strontium, molybdenum, ruthenium, rhodium,

palladium, silver, cadmium, tin, iodine, xenon, barium, lanthanum, cerium, praseodymium,

neodymium, saniarium, europium, gadolinium, terbium, dysprosium, holmium, erbium,

thuUxmi, ytterbium, lutetium, tantalum, tungsten, rhenium, osmium, iridium, platinum, gold,

mercury, thallium, lead, thorixmi and uranium.

457. The sample of claim 455, wherein the polypeptide is labeled with seleno-

methionine.

458. The sample of claim 455, further comprising a cryo-protectant

459. The sample of claim 459, wherein the cryo-protectant is one of the following:

methyl pentanediol, isopropanol, ethylene glycol, glycerol, formate, citrate, mineral oil and

a low-molecular-weight polyethylene glycol.

460. A crystallized, recombinant polypeptide comprising: (a) an amino acid

sequence set forth in SEQ ID NO: 158 or SEQ ID NO: 160; (b) an amino acid sequence

having at least about 95% identity with the amino acid sequence set forth in SEQ ID NO:

158 or SEQ ID NO: 160; or (c) an amino acid sequence encoded by a polynucleotide that

hybridizes under stringent conditions to the complementary strand of a polynucleotide

having SEQ ID NO: 157 or SEQ ID NO: 159 and has at least one biological activity of

UDP-N-acetylmuramoylalanine-D-glutamate ligase jfrom influenzae ; wherein the

polypeptide of (a), (b) or (c) is in crystal form.

461. A crystalUzed complex comprising the crystallized, recombinant polypeptide

ofclaim 460 and a co-factor, wherein the complex is in crystal form.

462. A crystalUzed complex comprising the crystallized, recombinant polypeptide

ofclaim 460 and a small organic molecule, wherein the complex is in crystal form.

463. The crystallized, recombinant polypeptide of claim 460, which diffracts x-rays

to a resolution of about 3.5 A or better.

464. The crystallized, recombinant polypeptide of claim 460, wherein the

polypeptide comprises at least one heavy atom label.

465. The crystallized, recombinant polypeptide of claim 464, wherein the

polypeptide is labeled with seleno-methionine.

466. A method for designing a modulator for the prevention or treatment of H.

influenzae related disease or disorder, comprising:
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(a) providing a tiiree-dimensional structure for a crystallized, recombinant

polypeptide of claim 13;

(b) identifying a potential modulator for the prevention or treatment ofH influenzae

related disease or disorder by reference to the three-dimensional structure;

(c) contacting a polypeptide of the composition of claim 447 or H. influenzae with

the potential modulator; and

(d) assaymg the activity of the polypeptide or determining the viability of H.

influenzae after contact with the modulator, wherein a change in the activity of the

polypeptide or the viabiUty ofH. influenzae indicates that the modulator may be useful for

prevention or treatment of a H. influenzae related disease or disorder.

467. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 158 or SEQ ID

NO: 160; (b) an amino acid sequence having at least about 95% identity with the amino

acid sequence set forth in SEQ ID NO: 158 or SEQ ID NO: 160; or (c) an amino acid

sequence encoded by a polynucleotide that hybridizes under stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 157 or SEQ ID NO: 159

and has at least one biological activity of UDP-N-acetylmuramoylalanine-D-glutamate

ligase from H. influenzae ; and wherein the polypeptide of (a), (b) or (c) is emiched in at

least oneNMR isotope.

468. The sample of claim 467, wherein the NMR isotope is one of the following:

hydrogen-1 (^H), hydrogen-2 (^H), hydrogen-3 (^H), phosphorous-3 1 (^^P), sodium-23

(^^Na), nitrogen-14 (}^, nitrogen-15 (^^N), carbon-13 (*^C) and fluorine-19 (*^F).

469. The sample of claim 467, further comprising a deuterium lock solvent.

470. The sample of claim 469, wherein the deuterium lock solvent is one of the

following: acetone (CD3COCD3), chloroform (CDCI3), dichloro methane (CD2CI2),

methyhxitrile (CD3CN), benzene (CeDe), water (D2O), diethylether ((CD3CD2)20),

dimethylether ((CD3)20), N,N-dimethylformamide ((CD3)2NCDO), dimethyl sulfoxide

(CD3SOCD3), ethanol (CD3CD2OD), methanol (CD3OD), tetrahydrofuran (C4D8O), toluene

(C6D5CD3), pyridine (C5D5N) and cyclohexane (CeHia).

471. The sample ofclaim 467, which is contained within anNMR tube.

472. A method for identifying small molecules that bind to a polypeptide of the

composition of claim 447, comprising:
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(a) generating a first NMR spectrum of aa isotopically labeled polypeptide of the

composition ofclaim 447;

(b) exposing the polypeptide to one or more small molecules;

(c) generating a second NMR spectrum of the polypeptide which has been exposed

5 to one or more small molecules; and

(d) comparing the first and second spectra to determine differences between the first

and the second spectra, wherein the differences are indicative of one or more small

molecules that have bound to the polypeptide.

473. A host cell comprising a nucleic acid encoding a polypeptide comprising: (a)

10 an amino acid sequence set forth in SEQ ID NO: 158 or SEQ ID NO: 160; (b) an amino

acid sequence having at least about 95% identity with the amino acid sequence set forth in

SEQ ID NO: 158 or SEQ ID NO: 160; or (c) an amino acid sequence encoded by a

polynucleotide that hybridizes under stringent conditions to the complementary strand of a

polynucleotide having SEQ ID NO: 157 or SEQ ID NO: 159 and has at least one biological

15 activity of UDP-N-acetylmuramoylalanine—D-glutamate ligase firom H. influenzae ;

wherein a culture ofthe host cell produces at least about 1 mg ofthe polypeptide per liter of

culture and the polypeptide is at least about one-third soluble as measured by gel

electrophoresis.

474. A composition comprising an isolated, recombinant polypeptide, wherein the

20 polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 167 or SEQ ID

NO: 169; (b) an amino acid sequence having at least about 95% identity with the amino

acid sequence set forth in SEQ ID NO: 167 or SEQ ID NO: 169; or (c) an amino acid

sequence encoded by a polynucleotide that hybridizes imder stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 166 or SEQ ID NO: 168

25 and has at least one biological activity of TJDP~N-acetylglucosaniine pyrophosphorylase

fi:om S. aureus; and wherein the polypeptide of (a), (b) or (c) is at least about 90% pure in a

sample of the composition.

475. The composition of claim 474, wherein the polypeptide is at least about 95%

pure as determined by gel electrophoresis.

30 476. The composition of claim 474, wherein the polypeptide is purified to essential

homogeneity.
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477. The composition of claim 474, wherein at least about two-thirds of the

polypeptide in the sample is soluble.

478. The composition of claim 474, wherein the polypeptide is fiised to at least one

heterologous polypeptide that increases the solubility or stability of the polypeptide.

479. A complex comprising a polypeptide of the composition of claim 474 and

enolase (gi| 13700667).

480. The composition of claim 474, which farther comprises a matrix suitable for

mass spectrometry.

481. The composition of claim 480, wherein the matrix is a nicotinic acid derivative

or a cinnamic acid derivative.

482. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 167 or SEQ ID

NO: 169; (b) an amino acid sequence having at least about 95% identity with the amino

acid sequence set forth m SEQ ID NO: 167 or SEQ ID NO: 169; or (c) an amino acid

sequence encoded by a polynucleotide that hybridizes xmder stringent conditions to the

complementary strand of a polynucleotide having SEQ ID NO: 166 or SEQ ID NO: 168

and has at least one biological activity of UDP-N-acetylglucosamine pyrophosphorylase

from S. aureus; and wherein the polypeptide of (a), (b) or (c) is labeled with a heavy atom.

483. The sample of claim 482, wherein the heavy atom is one of the following:

cobalt, selenium, krypton, bromine, strontium, molybdemrai, ruthenium, rhodium,

palladium, silver, cadmium, tin, iodine, xenon, barium, lanthanum, cerium, praseodymium,

neodymium, samarium, europium, gadolinium, terbium, dysprosiimi, hohnium, erbium,

thulium, ytterbium, lutetium, tantalum, tungsten, rhenium, osmium, iridium, platinum, gold,

mercury, thallium, lead, thorium and uraniimi.

484. The sample of claim 482, wherein the polypeptide is labeled with seleno-

methionine.

485. The sample ofclaim 482, further comprising a cryo-protectant.

486. The sample of claim 486, wherein the cryo-protectant is one of the following:

methyl pentanediol, isopropanol, ethylene glycol, glycerol, formate, citrate, mineral oil and

a low-molecular-weight polyethylene glycol.

487. A crystallized, recombinant polypeptide comprising: (a) an amino acid

sequence set forth in SEQ ID NO: 167 or SEQ ID NO: 169; (b) an amino acid sequence

having at least about 95% identity with Ihe amino acid sequence set forth in SEQ ID NO:
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167 or SEQ ID NO: 169; or (c) an amino acid sequence encoded by a polynucleotide that

hybridizes under stringent conditions to the complementary strand of a polynucleotide

having SEQ ID NO: 166 or SEQ ID NO: 168 and has at least one biological activity of

UDP-N-acetylglucosamine pyrophosphorylase from S. aureus; wherein the polypeptide of

5 (a), (b) or (c) is in crystal form.

488. A crystallized complex comprising the crystallized, recombinant polypeptide

ofclaim 487 and a co-factor, wherein the complex is in crystal form.

489. A crystallized complex comprising the crystallized, recombinant polypeptide

of claim 487 and a small organic molecule, wherein the complex is in crystal form.

10 490. The crystallized, recombinant polypeptide of claim 487, which diffracts x-rays

to a resolution of about 3.5 A or better.

491. The crystallized, recombinant polypeptide of claim 487, wherein the

polypeptide comprises at least one heavy atom label.

492. The crystalUzed, recombinant polypeptide of claim 491, wherein the

1 5 polypeptide is labeled with seleno-methionine.

493. A method for designing a modulator for the prevention or treatment of S,

aureus related disease or disorder, comprising:

(a) providing a three-dimensional structure for a crystallized, recombinant

polypeptide ofclaim 487;

20 (b) identifying a potential modulator for the prevention or treatment of S. aureus

related disease or disorder by reference to the three-dimensional structure;

(c) contacting a polypeptide of the composition of claim 474 or S. aureus with the

potential modulator; and

(d) assajdng the activity of the polypeptide or determining the viabiUty of S, aureus

25 after contact with the modulator, wherein a change in the activity of the polj^eptide or the

viability ofS. aureus indicates that the modxilator may be useful for prevention or treatment

of a S. aureus related disease or disorder.

494. A sample comprising an isolated, recombinant polypeptide, wherein the

polypeptide comprises: (a) an amino acid sequence set forth in SEQ ID NO: 167 or SEQ ID

30 NO: 169; (b) an amino acid sequence having at least about 95% identity with the amino

acid sequence set forth ia SEQ ID NO: 167 or SEQ ID NO: 169; or (c) an amino acid

sequence encoded by a poljoiucleotide that hybridizes under stringent conditions to the
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complementary strand of a polynucleotide having SEQ ID NO: 166 or SEQ ID NO: 168

and has at least one biological activity of XJDP-N-acetylglucosamine pyrophosphorylase

from iS. aureus; and wherein the polypeptide of (a), (b) or (c) is enriched in at least one

NMR isotope.

5 495. The sample of claim 494, wherein the NMR isotope is one of the following:

hydrogen- 1 (^H), hydrogen-2 (^H), hydrogen-3 (^H), phosphorous-3 1 (^^P), sodium-23

(^^Na), nitrogen-14 (^^N), nitrogen-15 (^^N), carbon-13 (^^C) and fluorine-19 (^^F).

496. The sample of claim 494, further comprising a deuteriimi lock solvent.

497. The sample of claim 496, wherein the deuterium lock solvent is one of the

10 following: acetone (CD3COCD3), chloroform (CDCI3), dichloro methane (CD2CI2),

methylnitrile (CD3CN), benzene {C^e\ water (D2O), diethylether ((CD3CD2)20),

dimethylether ((CD3)20), N,N-dimethylfonnamide ((CD3)2NCDO), dimethyl sulfoxide

(CD3SOCD3), ethanol (CD3CD2OD), methanol (CD3OD), tetrahydrofuran (C4D8O), toluene

(C6D5CD3), pyridine (C5D5N) and cyclohexane (CeHn),

15 498. The sample ofclaim 494, which is contained within anNMR tube.

499. A method for identifying small molecules that bind to a polypeptide of the

composition of claim 474, comprising:

(a) generating a first NMR spectrum of an isotopically labeled polypeptide of the

composition ofclaim 474;

20 (b) exposing the polypeptide to one or more small molecules;

(c) generating a second NMR spectrum of the polypeptide which has been exposed

to one or more small molecules; and

(d) comparing the first and second spectra to determine differences between the first

and the second spectra, wherein the differences are indicative of one or more small

25 molecules that have bound to the polypeptide.

500. A host cell comprising a nucleic acid encoding a polypeptide comprising: (a)

an amino acid sequence set forth in SEQ ID NO: 167 or SEQ ID NO: 169; (b) an amino

acid sequence having at least about 95% identity with the amino acid sequence set forth in

SEQ ID NO: 167 or SEQ ID NO: 169; or (c) an amino acid sequence encoded by a

30 polynucleotide that hybridizes under stringent conditions to the complementary strand of a

polynucleotide having SEQ ID NO: 166 or SEQ ID NO: 168 and has at least one biological

activity ofUDP~N-acetylglucosamine pyrophosphorylase firom S. aureus; wherein a culture
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of the host cell produces at least about 1 mg of the polypeptide per liter of culture and the

polypeptide is at least about one-thiVd soluble as measured by gel electrophoresis.
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SEQ ID NO: 4

1/170

PCT/CA03/00481

ATGGATAAACTGATTATTACCGGCGGTAACCGCCTCGATGGCGAAATCC
V

5 GCATTTCCQGCGCGAAGAACTCGGCGCTGCCGATCCTGGCCGCGACCCTGCTGG

CCGATAgTCCGGTCACCGTCTGCAACCTGCCGCACCTGCACGACATTACCACCA

TGATCGAACTGTTCGGCCGCATGGGCGTGCAGCCGATCATCGACGAGAAGCTC

AACGTCGAAGTCGATGCCAGCAGCATCAAAACCCTGGTCGCGCCGTACGAACT

GGTGAAGACCATGCGTGCCTCGATCCTGGTGCTGGGCCCGATGCTGGCGCGCTT

10 CGGCGAGGCCGAAGTGGCCCTGCCGGGCGGTTGCGCGATCGGTTCGCGTCCGG

TCGACCTGCATATCCGCGGTCTCGAGGCCATGGGCGCGCAGATCGAGGTCGAA

GGCGGCTACATCAAGGCCAAGGCGCCGGCCGGCGGCCTGCGTGGCGGTCACTT

CTTCTTCGATACCGTCAGCGTGACCGGCACCGAGAACCTGATGATGGCCGCCGC

GCTGGCCAACGGCCGTACCGTGCTGCAGAACGCCGCTCGCGAGCCGGAGGTGG

1 5 TCGACCTGGCCAACTGCCTGAACGCCATGGGCGCCAACGTCCAGGGCGCTGGC
*

TCCGATACCATCGTCATCGAAGGCGTGAAGCGCCTCGGCGGTGCTCGCTACGAC

GTACTGCCCGACCGTATCGAGACCGGCACCTACCTGGTGGCCGCGGCCGCGAC

CGGTGGCCGGGTGAAGCTGAAGGATACCGACCCGACCATCCTCGAGGCGGTCC

TGCAGAAGCTGGAAGAGGCCGGTGCCCACATCAGCACCGGCAGCAACTGGATC

20 GAGCTGGACATGAAGGGCAACCGGCCGAAGGCGGTCAACGTGCGTACCGCGCC

GTACCCGGCGTTCCCCACCGACATGCAGGCCCAGTTCATCTCCATGAACGCGGT

AGCCGAAGGCACCGGCGCGGTCATCGAGACGGTCTTCGAGAACCGCTTCATGC

ATGTTTACGAAATGAACCGCATGGGCGCGCAAATCCTCGTCGAAGGCAACACC

GCCATCGTCACCGGCGTACCCAAGCTCAAGGGCGCTCCGGTCATGGCGACCGA

25 CCTGCGCGCATCCGCGAGCCTGGTGATCGCCGGCCTGGTGGCCGAAGGCGACA

CCCTGATCGATCGCATCTACCACATCGACCGTGGCTACGAGTGCATCGAAGAG

AAACTCCAGCTGCTCGGCGCCAAGATCCGCCGCGTACCGGGCTAG

I
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FIGURE 2

SEQ ID NO: 5

MDKLHTGGNRLDGEIRISGAKJSfSALPILAATLLADTPVTVCmPHLHDITTM

lELFGRMGVQPimEKLNVEVDASSIKTLVAPYELVKTMRASILVLGPMLARFGEAE

VALPGGCAIGSRPVDLHIRGLEAMGAQIEVEGGYIKAKAPAGGLRGGHFFFDTVSV

TGTENLMMAAALANGRTVLQNAAREPEVVDLANCLNAMGANVQGAGSDTIVIEG

VKRLGGARYDVLPDRffiTGTYLVAAAATGGRVKLKDTDPTILEAVLQKLEEAGAH

ISTGSNWIELDMKGNRPKAVNVRTAPYPAFPTDMQAQFISMNAVAEGTGAVIETVF

ENRFMHVYEMNRMGAQILVEGNTAWTGWKLKGAPVMATDLRA^
AEGDTLIDRIYHIDRGYECIEEKLQLLGAKIRRVPG
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FIGURE 3

SEQ ID NO: 6

ATGGATAAACTGATTATTACCGGCGGTAACCGCCTCGATGGCGAAATCC

GCATTTCCGGCGCGAAGAACTCGGCGCTGCCGATCCTGGCCGCGACCCTGCTGG

CCGATACTCCGGTCACCGTCTGCAACCTGCCGCACCTGCACGACATTACCACCA

TGATCGAACTGTTCGGCCGCATGGGCGTGCAGCCGATCATCGACGAGAAGCTC

AACGTCGAAGTCGATGCCAGCAGCATCAAGACCCTGGTCGCGCCGTATGAACT

GGTGAAGACCATGCGTGCCTCGATCCTGGTGCTGGGCCCGATGCTGGCGCGCTT

CGGCGAGGCCGAAGTGGCCCTGCCGGGCGGTTGCGCGATCGGTTCGCGTCCGG

TCGACCTGCATATCCGCGGTCTCGAGGCCATGGGCGCGCAGATCGAGGTCGAA

GGCGGCTACATCAAGGCCAAGGCGCCGGCCGGCGGCCTGCGTGGCGGTCACTT

CTTCTTCGATACCGTCAGCGTGACCGGCACCGAGAACCTGATGATGGCCGCCGC

GCTGGCCAACGGCCGTACCGTGCTGCAGAACGCCGCTCGCGAGCCGGAGGTGG

TCGACCTGGCCAACTGCCTGAACGCCATGGGCGCCAACGTCCAGGGCGCTGGC

TCCGATACCATCGTCATCGAAGGCGTGAAGCGCCTCGGCGGTGCTCGCTACGAC

GTACTGCCCGACCGTATCGAGACCGGCACCTACCTGGTGGCCGCGGCCGCGAC

CGGTGGCCGGGTGAAGCTGAAGGATACCGACCCGACCATCCTCGAGGCGGTCC

TGCAGAAGCTGGAAGAGGCCGGTGCCCACATCAGCACCGGCAGCAACTGGATC

GAGCTGGACATGAAGGGCAACCGGCCGAAGGCGGTCAACGTGCGTACCGCGCC

GTACCCGGCGTTCCCCACCGACATGCAGGCCCAGTTCATCTCCATGAACGCGGT

AGCCGAAGGCACCGGCGCGGTCATCGAGACGGTCTTCGAGAACCGCTTCATGC

ATGTTTACGAAATGAACCGCATGGGCGCGCAAATCCTCGTCGAAGGCAACACC

GCCATCGTCACCGGCGTACCCAAGCTCAAGGGCGCTCCGGTCATGGCGACCGA

CCTGCGCGCATCCGCGAGCCTGGTGATCGCCGGCCTGGTGGCCGAAGGCGACA

CCCTGATCGATCGCATCTACCACATCGACCGTGGCTACGAGTGCATCGAAGAG

AAACTCCAGCTGCTCGGCGCCAAGATCCGCCGCGTACCGGGCTAG
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FIGURE 4

SEQ ID NO: 7

MDKLETGGNRLDGEIRISGAKNSALPILAATLLADTPVTVCNLPHLHDITTM

lELFGRMGVQPiroEKLNVEVDASSIKTLVAPYELVKTMRASILVLGPMLARFGEAE

VALPGGCAIGSRPVDLHIRGLEAMGAQIEVEGGYIKAKAPAGGLRGGHFFFDTVSV

TGTENLMMAAALANGRTVLQNAAREPEVVDLANCLNAMGANVQGAGSDTIVIEG

VKia.GGARYDVLPDRffiTGlTI.VAAAATGGRVKLKDTDPTILEAVLQKLEEAGAH

ISTGSNWIELDMKGNEa>KAVNVRTAPYPAFPTDMQAQFISMNAVAEGTGAVIETVF

ENRFlSfflVYEMNRMGAQmVEGNTAWTGWKLKGAPVMATDLRASASLVIAGLV

AEGDTLIDRIYHIDRGYECIEEKLQLLGAKIRRVPG
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FIGURE 5

SEQ ID NO: 8

ForwardPGR Primer

GCGGCGGCCCATATGGATAAACTGATTATTACCG

SEQ ID NO: 9

Reverse PGR Primer

GCGGGGATGGGCCGGGTAGGGGGGGG
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FIGURE 6

TABLE 1 Properties of UDP-N-acetylglucosamine l-carboxyvinyl transferase 1 from

P. aeruginosa

TABLE 1 — UDP-N-acetylglucosamine l-carboxyvinyl transferase 1 firomP, aeruginosa
- SEQ ID NO: 4-SEQ ID NO: 7

Melting temperature fC) ofSEQ ID NO: 8 (forward PGR
primer)

58

Restriction enzyme for SEQ ID NO: 8 (forward PGR primer) Ndel
Melting temperature fC) ofSEQ ID NO: 9 (reverse PGR
primer)

60

Restriction enzyme for SEQ ID NO: 9 (reverse PGR primer) BamHI
Number of nucleic acid residues in SEQ ID NO: 4 1266
Number of amino acid residues in SEQ ID NO: 5 421
Number of different nucleic acid residues between SEQ ID NO:
4andSEQIDNO: 6

2

Number of different amino acid residues between SEQ ID NO: 5

and SEQ ID NO: 7
0

Galculated molecular weight ofSEQ ID NO: 5 polypeptide

(kDa)
44.646

Galculated pi ofSEQ ID NO: 5 polypeptide 5.5

Solubility ofSEQ ID NO: 7 polypeptide, determined as

described in EXAMPLE 2 (with the His tag at the G-terminus)

Approaching 100%

Amount ofpurified selmet labeled polypeptide having SEQ ID
NO: 7, prepared and purified as described in the Exemplification

(mg/L of culture). The polypeptide so expressed and purified

has the additional amino acid residues from the removed His tag

at the N-terminus as described in EXAMPLE 6.

3.9

Amoimt ofpurified selmet labeled polypeptide having SEQ ID
NO: 7 soluble in buffer, as described in EXAMPLE 8 (mg/ml of
buffer)

14.1

Results ofprotein interaction study described in EXAMPLE 11, EXAMPLE 12,

EXAMPLE 13 and EXAMPLE 14. No interacting proteins were observed by using at

least one of the methods described in those examples.

Grystals of a selenomethionine-substituted polypeptide having the sequence ofSEQ ID
NO: 1, prepared and purified as described above and having the residual amino acid

residues after removal ofthe His tag, are obtained using the following conditions:

ammonium sulfate 2M , HEPES O.IM pH 7.5 , PEG400 2%. In addition, crystals of the
same polypeptide may be prepared under the following conditions: ammonium sulfate

2.0M, sodium cacodylate O.IM, pH 6.5, 0.2M NaGl. The crystals were prepared using

the following method: 20G, sitting-drop, 15 mg/mL polypeptide.
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FIGURE 7

TABLE 2 Bioinformatic Analyses of UDP-N-acetylglucosamine l-carboxyvinyl

transferase 1 from P. aeruginosa

TABLE 2 — UDP-N~acetylglucosamine l-carboxyvinyl transferase 1 from P. aeruginosa —
SEQ ID NO: 4-SEQ ID NO: 7

COG Category cell wall/membrane biogenesis

COG ID Nixmber COG0766
Is SEQ ID NO: 5 classified as an essential

gene?
yes

Most closely related protein from PDB to SEQ
ID NO: 5

Udp-N-Acetylglucosamine 1 -

Carboxyvinyl-Transferase, (Inaw)
Source organism for closest PDB protein to

SEQ ID NO: 5

E, cloacae

e-value for closest PDB Protein to SEQ ID
NO: 5

l.OOE-144

% Identity between SEQ ID NO: 5 and the

closest protein from PDB
61

% Positives between SEQ ID NO: 5 and the

closest protein from PDB
75

Number ofProtein Hits in the VGDB to SEQ
ID NO: 5

16

Number ofMicroorganisms having VGDB
Hits to SEQ ID NO: 5

12

Microorganisms having VGDB Hits to SEQ
ID NO: 5^

ecoli imien bbur saxir rpro efae

ctra spne bsub hinfhpyl paer

First predicted epitopic region ofSEQ ID NO:
5 : amino acid sequence, rank score, amino
acid residue numbers

SEQ ID NO: 10 :

LRASASLVIAGLVAEG, 1.194,373->388

Second predicted epitopic region ofSEQ ID
NO: 5: amino acid sequence, rank score,

amino acid residue numbers

SEQ ID NO: 11 :

SALPILAATLLADTPVTVCNLPHLHDI,
1.177,24->50

Third predicted epitopic region ofSEQ ID
NO: 5: amino acid sequence, rank score,

amino acid residue nimibers

SEQ ID NO: 12 : IKTLVAPYELVKT,
1.165,79->91

5 Organisms are abbreviated as follows: ecoli = Eschericia coli\ hpyl = Helicobacter

pylori\ paer = Pseudomonas aeruginosas ctra = Chlaydia trachomatis^ hinf= Haemophilus

influenzae-; nmen = Neisseria meningitidis^ rpxx == Rickettsia prowazekii; bbur = Borrelia

burgdorferi; bsub = Bacillus subtilis; staph = Staphylococcus aureus; spne = Streptococcus

pneumoniae; mgen = Mycoplasma genitalium; efae = Enterococcusfaecalis

.

10
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FIGURE 8

SEQ ID NO: 13

ATGGATAAAATAGTAATCAAAGGTGGAAATAAATTAACGGGTGAAGTT

5 AAAGTAGAAGGTGCTAAAAATGCAGTATTACCAATATTGACAGCATCTTTATTA

GCTTCTGATAAACCGAGCAAATTAGTTAATGTTCCAGCTTTAAGTGATGTAGAA

ACAATAAATAATGTATTAACAACTTTAAATGCTGACGTTACATACAAAAAGGA

CGAAAATGCTGTTGTCGTTGATGCAACAAAGACTCTAAATGAAGAGGCACCAT

ATGAATATGTTAGTAAAATGCGTGCAAGTATTTTAGTTATGGGACCTCTTTTAG
1 0 CAAGACTAGGACATGCTATTGTTGCATTGCCTGGTGGTTGTGCAATTGGAAGTA

GACCGATTGAGCAACACATTAAAGGTTTTGAAGGTTTAGGCGCAGAAATTCATC

TTGAAAATGGTAATATTTATGCTAATGCTAAAGATGGATTAAAAGGTACATCAA

TTCATTTAGATTTTCCAAGTGTAGGAGCAACACAAAATATTATTATGGCAGCAT

CATTAGCTAAGGGTAAGACTTTAATTGAAAATGCAGCTAAAGAACCTGAAATT

15 GTCGATTTAGCAAACTACATTAATGAAATGGGTGGTAGAATTACTGGTGCTGGT

ACAGACACAATTACAATCAATGGTGTAGAATCATTACATGGTGTAGAACATGC

TATCATTCCAGATAGAATTGAAGCAGGCACATTACTAATCGCTGGTGCTATAAC

GCGTGGTGATATTTTTGTACGTGGTGCAATCAAAGAACATATGGCGAGTTTAGT

CTATAAACTAGAAGAAATGGGCGTTGAATTGGACTATCAAGAAGATGGTATTC

20 GTGTACGTGCTGAAGGGGAATTACAACCTGTAGACATCAAAACTCTACCACAT
CCTCGATTCCCGACTGATATGCAATCACAAATGATGGCATTGTTATTAACGGCA

t x/iu«?s.GTCGTAACCGAAACTGTTTTTGAAAACCGTTTTATGCATGTT

GCAGAGTTCAAACGTATGAATGCTAATATCAATGTAGAAGGTCGTAGTGCTAA

ACTTGAAGGTAAAAGTCAATTGCAAGGTGCACAAGTTAAAGCGACTGATTTAA
25 GAGCAGCAGCCGCCTTAATTTTAGCTGGATTAGTTGCTGATGGTAAAACAAGCG

TTACTGAATTAACGCACCTAGATAGAGGCTATGTTGACTTACACGGTAAATTGA

AGCAATTAGGTGCAGACATTGAACGTATTAACGATTAA
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FIGURE 9

SEQ ID NO: 14

MDKIVIKGGim.TGEVKVEGAKNAVLPILTASLLASDKPSKLVNVPALSDV

ETINNVLTTLNADVTYKKDENAVWDATKTLNEEAPYEYVSKMRASILVMGPLLA

RLGHAIVALPGGCAIGSRPIEQHIKGFEALGAEIHLENGNIYANAKDGLKGTSIHLDF

PSVGATQNIIMAASLAKGKTLffiNAAKJEPErVDLA]SrmffiMGGRITGAGTDTITDS[G

VESLHGVEHAIIPDRIEAGTLLIAGAITRGDIFVRGAIKBHMASLVYKLEEMGVELD

YQEDGIRVRAEGELQPVDIKTLPHPGFPTDMQSQMMALLLTANGHKVVTETVFEN

RFMHVAEFKRMNANINVEGRSAKLEGKSQLQGAQVKATDLRAAAALILAGLVAD

GKTSVTELTHLDRGYVDLHGKLKQLGADIERIND
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FIGURE 10

SEQIDNO: 15

ATGGATAAAATAGTAATCAAAGGTGGAAATAAATTAACGGGTGAAGTT

AAAGTAGAAGGTGCTAAAAATGCAGTATTACCAATATTGACAGCATCTTTATTA

GCTTCTGATAAACCGAGCAAATTAGTTAATGTTCCAGCTTTAAGTGATGTAGAA

ACAATAAATAATGTATTAACAACTTTAAATGCTGACGTTACATACAAAAAGGA

CGAAAATGCTGTTGTCGTTGATGCAACAAAGACTCTAAATGAAGAGGCACCAT

ATGAATATGTTAGTAAAATGCGTGCAAGTATTTTAGTTATGGGACCTCTTTTAG

CAAGACTAGGACATGCTATTGTTGCATTGCCTGGTGGTTGTGCAATTGGAAGTA

GACCGATTGAGCAACACATTAAAGGTTTTGAAGCTTTAGGCGCAGAAATTCATC

TTGAAAATGGTAATATTTATGCTAATGCTGAAGATGGATTAAAAGGTACATCAA

TTCATTTAGATTTTCCAAGTGTAGGAGCAACACAAAATATTATTATGGCAGCAT

CCTTAGCTAAGGGTAAGACTTTAATTGAAAATGCAGCTAAAGAACCTGAAATT

GTCGATTTAGCAAACTACATTAATGAAATGGGTGGTAGAATTACTGGTGCTGGT

ACAGACACAATTACAATCAATGGTGTAGAATCATTACATGGTGTAGAACATGC

TATCATTCCAGATAGAATTGAAGCAGGCACATTACTAATCGCTGGTGCTATAAC

GCGTGGTGATATTTTTGTACGTGGTGCAATCAAAGAACATATGGCGAGTTTAGT

CTATAAACTAGAAGAAATGGGCGTTGAATTGGACTATCAAGAAGATGGTATTC

GTGTACGTGCTGAAGGGGAATTACAACCTGTAGACATCAAAACTCTACCACAT

CCTGGATTCCCGACTGATATGCAATCACAAATGATGGCATTGTTATTAACGGCA

AATGGTCATAAAGTCGTAACCGAAACTGTTTTTGAAAACCGTTTTATGCATGTT

GCAGAGTTCAAACGTATGAATGCTAATATCAATGTAGAAGGTCGTAGTGCTAA

ACTTGAAGGTAAAAGTCAATTGCAAGGTGCACAAGTTAAAGCGACTGATTTAA

GAGCAGCAGCCGCCTTAATTTTAGCTGGATTAGTTGCTGATGGTAAAACAAGCG

TTACTGAATTAACGCACCTAGATAGAGGCTATGTTGACTTACACGGTAAATTGA

AGCAATTAGGTGCAGACATTGAACGTATTAACGATTAA
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FIGURE 11

SEQ ID NO: 16

]N^KIVIKGGNECLTGEVKVEGAKlSrAVLPILTASLLASDKPSKLVNVPALSDV

ETI^WVLTTLNADVTYKKDENAVWDATKTLNEEAPYEYVSKMRASILVMGPLLA

RLGHAIVALPGGCAIGSRPIEQHIKGFEALGAEIHLENGNIYANAEDGLKGTSIHLDF

PSVGATQMIMAASLAKGKTLffiNAAKEPEIVDLA]SmttN[EMGGRITGAGTDTITING

VESLHGVEHAIIPDRffiAGTLLIAGAITRGDIFWGAIKEHMASLVYKLEEMGVELD

YQEDGmVRAEGELQPVDIKTLPHPGFPTDMQSQMMALLLTANGHKVVTETVFEN

RFMHVAEFKRMNAMNVEGRSAKLEGKSQLQGAQVKATDLRAAAALILAGLVAD
GKTSVTELTHLDRGYVDLHGKLKQLGADIERIND
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FIGURE 12

SEQIDNO: 17

Forward PGR Primer

CGCGGGGTACCATGGATAAAATAGTAATCAAAGG

SEQIDNO: 18

Reverse PGR Primer

GGGGGGATGGATGGTTAATAGGTTGAATGTGTG
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FIGURE 13

TABLE 3 Properties of UDP-N-acetylglucosamine 1-carboxyvinyItransferase 1 from

aureus

TABLE 3 - UDP-N-acetylglucosamine 1-carboxyvinyltransferase 1 firom S. aureus —
SEQ ID NO: 13-SEQ ID NO: 16

Melting temperature fC) ofSEQ ID NO: 17 (forward PGR
primer)

58

Restriction enzyme for SEQ ID NO: 17 (forward PGR primer) Kpnl
Meltmg temperature ("C) ofSEQ ID NO: 18 (reverse PGR
primer)

62

Restriction enzyme for SEQ ID NO: 1 8 (reverse PGR primer) BamHI
Number ofnucleic acid residues in SEQ ID NO: 13 1266
Number ofamino acid residues in SEQ ID NO: 14 421
Number of different nucleic acid residues between SEQ ID NO:
13 and SEQ ID NO: 15

2

Number of different amino acid residues between SEQ ID NO:
14 and SEQ ID NO: 16

1

Calculated molecular weight ofSEQ ID NO: 14 polypeptide
(kDa)

44.996

Calculated pi of SEQ ID NO: 14 polypeptide 5.6

Solubility ofSEQ ID NO: 16 polypeptide, determined as
described in EXAMPLE 2 (with the His tag at the N-terminus)

Less than one third

Solubility ofSEQ ID NO: 16 polypeptide, determined as
described in EXAMPLE 2 (with the His tag at the G-terminus)

Approaching one
third

Amoimt ofpurified polypeptide having SEQ ID NO: 16,

prepared and purified as described in the Exemplification (mg/L
of culture). The polypeptide so expressed and purified is His
tagged and has the additional amino acid residues ofSEQ ID
NO: 3 at the C-terminus as described in EXAMPLE 6.

18.4

Amount ofpurified polypeptide having SEQ ID NO: 16 soluble
in buffer, as described in EXAMPLE 8 (mg/ml of buffer)

60

Results ofprotein interaction study described in EXAMPLE 11, EXAMPLE 12,
EXAMPLE 13 and EXAMPLE 14. No interacting proteins were observed by using at

least one of the methods described in those examples.
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FIGURE 14

TABLE 4 Bioinformatic Analyses of UDP-N-acetylglucosamine 1

carboxyvinyltransferase 1 from & aureus

TABLE 4 — UDP-N-acetylglucosamine 1 -carboxyvinyltransferase 1 from S. aureus — SEQ
ID NO: 13-SEQIDNO: 16

COG Category cell wall/membrane biogenesis

COG ID Number COG0766
Is SEQ ID NO: 14 classified as an essential

gene?
yes

Most closely related protein from PDB to

SEQ ID NO: 14

Udp-N-Acetylglucosamine 1-Carboxyvinyl-

Trans, (Inaw)

Source organism for closest PDB protein

to SEQ ID NO: 14

E. cloacae

e-value for closest PDB Protein to SEQ ID
NO: 14

l.OOE-UO

% Identity between SEQ ID NO: 14 and
the closest protein from PDB

49

% Positives between SEQ ID NO: 14 and
the closest protein from PDB

66

Number of Protein Hits in the VGDB to

SEQ ID NO: 14

16

Number of Microorganisms having VGDB
Hits to SEQ ID NO: 14

12
i

Microorganisms having VGDB Hits to

SEQ ID NO: 14^

ecoli nmen bbiir saur rpro efae

ctra spne hinfbsub hpyl paer

First predicted epitopic region ofSEQ ID
NO: 14; amino acid sequence, rank score,

amino acid residue numbers

SEQ ID NO: 19 :LRAAAALILAGLVADGK,
1.175,373->389

Second predicted epitopic region ofSEQ
ID NO: 14: amino acid sequence, rank
score, amino acid residue numbers

SEQ ID NO: 20 : PSKLVNVPALSDV,
1.167,39->51

Third predicted epitopic region ofSEQ ID
NO: 14: amino acid sequence, rank score,

amino acid residue numbers

SEQ ID NO: 21 :

ASILVMGPLLARLGHAIVALPGGCAIGS,
1.155,96->123

5 Organisms are abbreviated as follows: ecoli = Eschericia coli; hpyl = Helicobacter

pylori; paer = Pseudomonas aeruginosa; ctra = Chlaydia trachomatis; hinf= Haemophilus

influenzae; nmen = Neisseria meningitidis; rpxx = Rickettsia prowazekii; bbur = Borrelia

burgdorferi; bsub = Bacillus subtilis; staph = Staphylococcus aureus; spne = Streptococcus

pneumoniae; mgen = Mycoplasma genitalium; efae = Enterococcusfaecalis.
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FIGURE 15

SEQ ID NO: 22

ATGAGTTTTGTGGTCATTATTCCCGCGCGCTACGCGTCCACGCGTCTGCC

5 CGGTAAACCATTGGTTGATATTAACGGCAAACCCATGATTGTTCATGTTCTTGA

ACGCGCGCGTGAATCAGGTGCCGAGCGCATCATCGTGGCAACCGATCATGAGG

ATGTTGCCCGCGCCGTTGAAGCCGCTGGCGGTGAAGTATGTATGACGCGCGCC

GATCATCAGTCAGGAACAGAACGTCTGGCGGAAGTTGTCGAAAAATGCGCATT

CAGCGACGACACGGTGATCGTTAATGTGCAGGGTGATGAACCGATGATCCCTG
10 CGACAATCATTCGTCAGGTTGCTGATAACCTCGCTCAGCGTCAGGTGGGTATGG

CGACTCTGGCGGTGCCAATCCACAATGCGGAAGAAGCGTTTAACCCGAATGCG

GTGAAAGTGGTTCTCGACGCTGAAGGGTATGCACTGTACTTCTCTCGCGCCACC

ATTCCTTGGGATCGTGATCGTTTTGCAGAAGGCCTTGAAACCGTTGGCGATAAC

TTCCTGCGTCATCTTGGTATTTATGGCTACCGTGCAGGCTTTATCCGTCGTTACG
1 5 TCAACTGGCAGCCAAGTCCGTTAGAACACATCGAAATGTTAGAGCAGCTTCGT

GTTCTGTGGTACGGCGAAAAAATCCATGTTGCTGTTGCTCAGGAAGTTCCTGGC

ACAGGTGTGGATACCCCTGAAGATCTTGAGCGCGTTCGCGCTGAAATGCGCTA
A
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FIGURE 16

SEQ ID NO: 23

MSFWnPARYASTRLPGKPLVDINGKPMIVHVLERARESGAERIIVATDHED

5 VARAVEAAGGEVCMTRADHQSGTERLAEVVEKCAFSDDTVIVNVQGDEPMIPATII

RQVADNLAQRQVGMATLAVPIHNAEEAFNPNAVKVVLDAEGYALYFSRATIPWD

RDRFAEGLETVGDNFLRHLGIV^GYRAGFIRRYVNWQPSPLEHffiMLEQLRVLWYG

EKIHVAVAQEVPGTGVDTPEDLERVRAEMR



wo 03/087353
17/170

PCT/CA03/00481

FIGURE 17

SEQ ID NO: 24

ATGAGTTTTGTGGTCATTATTCCCGCGCGCTACGCGTCCACGCGTCTGCC
t

5 CGGTAAACCATTGGTTGATATTAACGGCAAACCCATGATTGTTCATGTTCTTGA

ACGCGCGCGTGAATCAGGTGCCGAGCGCATCATCGGGGCAACCGATCATGAGG

ATGTTGCCCGCCCCGTTGAACCCGCTGGCGGTGAAGTATGTATGACGCGCGCCG

ATCATCAGTCAGGAACAGAACGTCTGGCGGAAGTTGTCGAAAAATGCGCATTC

AGCGACGACACGGTGATCGTTAATGTGCAGGGTGATGAACCGATGATCCCTGC

10 GACAATCATTCGTCAGGTTGCTGATAACCTCGCTCAGCGTCAGGTGGGTATGGC

GACTCTGGCGGTGCCAATCCACAATGCGGAAGAAGCGTTTAACCCGAATGCGG

TGAAAGTGGTTCTCGACGCTGAAGGGTATGCACTGTACTTCTCTCGCGCCACCA

TTCCTTGGGATCGTGATCGTTTTGCAGAAGGCCTTGAAACCGTTGGCGATAACT

TCCTGCGTCATCTTGGTATTTATGGCTACCGTGCAGGCTTTATCCGTCGTTACGT

15 CAACTGGCAGCCAAGTCCGTTAGAACACATCGAAATGTTAGAGCAGCTTCGTG

TTCTGTGGTACGGCGAAAAAATCCATGTTGCTGTTGCTCAGGAAGTTCCTGGCA

CAGGTGTGGATACCCCTGAAGATCTTGAGCGCGTTCGCGCTGAAATGCGCTAA

1
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FIGURE 18

SEQ ID NO: 25

MSFVVIIPARYASTRLPGKPLVDINGKPMIVHVLERARESGAERnGATDHED

5 VARPVEPAGGEVCMTRADHQSGTERLAEWEKCAFSDDTVIVNVQGDEPMIPATII

RQVADNLAQRQVGMATLAVPIEtt^AEEAFNPNAVKVVLDAEGYALYFSRATIPWD

RDRFAEGLETVGDNFLRHLGIYGYRAGFIRRYVlsrWQPSPLEHffiMLEQLRVLWYG

EKmVAVAQEVPGTGVDTPEDLERVRAEMR
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FIGURE 19

SEQ ID NO: 26

Forward PCR Primer

GCGGCGGCCCATATGAGTTTTGTGGTCATTATTC

SEQ ID NO: 27

Reverse PCR Primer

GCGCGGATCCGCGCATTTCAGCGCGAAC
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FIGURE 20

TABLE 5 Properties of CTP:CMP-3-deo3iy-D-manno-octulosonate transferase from

E. coli

TABLE 5 — CTP:CMP-'3--deoxy-D-manno-octulosonate transferase from^. coli — SEQ
ID NO: 22-SEQ ID NO: 25

Melting temperature fC) ofSEQ ID NO: 26 (forward PGR
primer)

58

Restriction enzyme for SEQ ID NO: 26 (forward PGR primer) Ndel

Melting temperature (^C) ofSEQ ID NO: 27 (reverse PGR
primer)

58

Restriction enzyme for SEQ ID NO: 27 (reverse PGR primer) BamHI
Number ofnucleic acid residues in SEQ ID NO: 22 747

Number of amino acid residues in SEQ ID NO: 23 248

Niraiber of different nucleic acid residues between SEQ ID NO:
22 and SEQ ID NO: 24

3

Number of diflFerent amino acid residues between SEQ ID NO:
23 and SEQ ID NO: 25

3

Calculated molecular weight ofSEQ ID NO: 23 polypeptide

(kDa)

27.615

Calculated pi of SEQ ID NO: 23 polypeptide 4.9

Solubility ofSEO ED NO: 25 nolvoeptide, determined as

described in EXAMPLE 2 (with the His tag at the N-terminus)

Approachins one

third

Amount ofpurified polypeptide having SEQ ID NO: 25,

prepared and purified as described in the Exemplification (mg/L
of culture). The polypeptide so expressed and purified is His

tagged and has the additional amino acid residues ofSEQ ID
NO: 1 at the N-terminus as described in EXAMPLE 6.

17.1

Amount ofpurified selmet labeled polypeptide having SEQ ID
NO: 25, prepared and purified as described in the

Exemplification (mg/L of culture). The polypeptide so

expressed and purified is His tagged and has the additional

amino acid residues ofSEQ ID NO: 1 at the N-terminus as

described in EXAMPLE 6.

4.0

Amount ofpurified ^"^N labeled polypeptide having SEQ ID NO:
25, prepared and purified as described in the Exemplification

(mg/L of culture). The polypeptide so expressed and purified is

His tagged and has the additional amino acid residues ofSEQ ID
NO: 1 at the N-terminus as described in EXAMPLE 6.

15.5

Amount ofpxuified polypeptide having SEQ ID NO: 25 soluble

in buffer, as described in EXAMPLE 8 (mg/ml ofbuffer)

40

Amount of purified selmet labeled polypeptide having SEQ ID

NO: 25 soluble in buffer, as described in EXAMPLE 8 (mg/ml
of buffer)

12.8

Amount ofpurified ^^N labeled polypeptide having SEQ ID NO:
25 soluble in buffer, as described in EXAMPLE 8 (mg/ml of

buffer)

45.5
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TABLE 5 — CTP:CMP-3-deoxy-"D~mamiO"-octiilosonate transferase from-E'. coli — SEQ
ID NO: 22-SEQ ID NO: 25

Results of protein interaction study described in EXAMPLE 11, EXAMPLE 12,

EXAMPLE 13 and EXAMPLE 14, No interacting proteins were obsei-ved by using at

least one of the methods described in those examples.

Crystals of a polypeptide having the sequence of SEQ ID NO: 25, prepared and purified

as described above and having a His tag, are obtained using the following conditions:

PEG 4000 30%, tri-sodim-n citrate dihydrate O.IM pH 5.6, ammonium acetate 0.2M. The
crystals were prepared using the following method: 20C, sittmg-di*op, 6 mg/niL
polypeptide.

SUBSTITUTE SHEET (RULE 26)
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TABLE 6 Bioinformatic Analyses of CTP:CMP-3-deoxy-D-nianno-octulosonate

transferase from E. coli

TABLE 6 - CTP:CMP-3-deoxy-D-maimo-octulosonate transferase from E, coli - SEQ ID
NO: 22-SEQ ID NO: 25

CUtr Category cell wall/membrane biogenesis
COG ID Number COG1212
Is SEQ ID NO: 23 classified as an essential gene? yes
Most closely related protein from PDB to SEQ ID NO:
23

3-Deoxy-Manno-Octulosonate

Cytidylyltransfer, (lh7t)

Source organism for closest PDB protein to SEQ ID
NO: 23

E. coli

e-value for closest PDB Protein to SEQ ID NO: 23 l.OOE-44
% Identity between SEQ ID NO: 23 and the closest

protein from PDB
45

% Positives between SEQ ID NO: 23 and the closest

protein from PDB
60

Number ofProtem Hits in the VGDB to SEQ ID NO:
23

8

Number ofMicroorganisms having VGDB Hits to

SEQ ID NO: 23
8

Microorganisms having VGDB Hits to SEQ ID NO: ecoli lunen rpro spne
ctra hinfhpyl paer

First predicted epitopic region of SEQ ID NO: 23:
amino acid sequence, rank score, amino acid residue

numbers

SEQ ID NO: 28 : VVIIPARY,
1.184,4->11

Second predicted epitopic region ofSEQ ID NO: 23:
amino acid sequence, rank score, amino acid residue

nxmibers

SEQ ID NO: 29 :

PNAVKWLDAEGYALYFSRA,
1.18,139->158

Third predicted epitopic region ofSEQ ID NO: 23:
amino acid sequence, rank score, amino acid residue
numbers

SEQ ID NO: 30 :KIHVAVAQEV,
1.167,220->229

5 Organisms are abbreviated as follows: ecoli = Eschericia coli; hpyl = Helicobacter

pylori; paer = Pseudomonas aeruginosa; ctra = Chlaydia trachomatis; hinf= Haemophilus

influenzae; nmen = Neisseria meningitidis; ipxx = Rickettsia prowazekii; bbur == Borrelia

burgdorferi; bsub == Bacillus subtilis; staph= Staphylococcus aureus; spne = Streptococcus

pneumoniae; mgen = Mycoplasma genitalium; efae = Enterococcusfaecalis,

10
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SEQIDNO:31

ATGCCTATGAGCCTGAACCAACTGTTTCCCCAGGCCGAGCGCGATCTGCTGATCCGCGA

5 GCTGACCCTGGATAGCCGCGGCGTTCGTCCGGGCGACCTGTTCCTGGCGGTGCCGGGCGGGCGC

CAGGATGGTCGTGCGCACATCGCCGATGCCCTGGCCAAGGGCGCGGCTGCCGTGGCTTACGAGG

CGGAAGGCGCCGGAGAGTTGCCGCCCAGCGATGCGCCGCTGATCGCGGTGAAGGGGCTGGCCG

CGCAACTGTCGGCGGTCGCCGGGCGTTTCTACGGCGAGCCGAGCCGCGGGCTGGACCTGATCGG

CGTCACCGGCACCAACGGCAAGACCAGCGTCAGCCAACTGGTGGCCCAGGCCCTGGATCTGCTC

10 GGCGAGCGCTGCGGCATCGTCGGCACCCTCGGCACCGGTTTCTACGGCGCCCTO^

GGCACACCACGCCGGACCCGCTCGCGGTGCAGGCCACGCTGGCCACGCTGAAGCAGGCCGGCG

CCCGCGCGGTAGCGATGGAAGTGTCTTCCCACGGCCTCGACCAGGGCCGCGTGGCGGCGCTCGG

TTTCGATATCGCGGTGTTCACCAATCTGTCCCGCGACCACCTCGACTATCACGGTTCGATGGAAG

CCTATGCCGCCGCCAAGGCCAAGCTGTTCGCCTGGCCGGGCCTGCGCTGCCGGGTGATCAACCT

15 GGACGACGATTTCGGCCGTCGACTGGCCGGCGAGGAGCAGGACTCGGAQCTGATCACCTACAGC

CTCACCGACAGCTCGGCGTTCCTCTATTGCCGCGAAGCGCGCTTCGGCGACGCCGGCATCGAGG

CGGCGCTGGTCACTCCGCACGGCGAGGGCCTGCTGCGCAGCCCGTTGCTCGGCCGCTTCAACCT

GAGCAACCTGCTGGCGGCGGTCGGTGCGTTGCTTGGCCTGGGTTATCCCCTGGGCGATATCCTCC

GCACTTTGCCGCAACTGCAGGGGCCGGTCGGCCGCATGCAGCGCCTGGGAGGCGGCGACAAGCC

20 GCTGGTGGTGGTGGACTACGCGCATACTCCCGACGCCCTGGAAAAAGTCCTGGAGGCCCTGCGT

CCGCACGCGGCCGCGCGCCTGCTGTGCCTGTTCGGCTGCGGTGGCGATCGCGATGCCGGCAAGC

GTCCGCTGATGGCTGCGATCGCCGAACGCCTGGCGGATGAGGTGCTGGTCACCGACGACAACCC

GCGCACCGAGGCCAGTGCGGCGATCATCGCCGATATCCGCAAAGGCTTCGCTGCCGCTGACAAG

GTTACCTTCCTGCCGTCGCGCGGTGAGGCGATCGCCCATCTGATCGCTTCCGCTGCGGTGGATGA

25 CGTGGTGCTCCTGGCCGGCAAGGGTCACGAGGATTATCAGGAGATCGACGGCGTACGCCATCCG

TTCTCCGACATCGAGCAGGCCGAGCGCGCCCTGGCCGCCTGGGAGGTGCCGCATGCTTGA
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SEQ ID NO: 32

MPMSLNQLFPQAERDLLIRELTLDSRGVRPGDLFLAVPGGRQDGRAHIADA

5 LAKGAAAVAYEAEGAGELPPSDAPLIAVKGLAAQLSAVAGRFYGEPSRGLDLIGVT

GTNGKTSVSQLVAQALDLLGERCGIVGTLGTGFYGALESGRHTTPDPLAVQATLAT

LKQAGARAVAMEVSSHGLDQGRVAALGFDIAVFTNLSRDHLDYHGSMEAYAAAK

AKLFAWPGLRCRVESTLDDDFGRRLAGEEQDSELITYSLTDSSAFLYCREARFGDAGI

EAALVTPHGEGLLRSPLLGRFNLSNLLAAVGALLGLGYPLGDILRTLPQLQGPVGR

10 MQRLGGGDKPLVWDYAHTPDALEKVLEALRPHAAARLLCLFGCGGDRDAGKRP
LMAAIAERLADEVLVTDDNPRTEASAAIIADIRKGFAAADKVTFLPSRGEAIAHLIA

SAAVDDVVLLAGKGHEDYQEIDGVRHPFSDIEQAERALAAWEVPHA
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SEQ ID NO: 33

ATGCCTATGAGCCTGAACCAACTGTTTCCCCAGGCCGAGCGCGATCTGCTGATCCGCGA

5 GCTGACCCTGGATAGCCGCGGCGTTCGTCCGGGCGACCTGTTCCTGGCGGTGCCGGGCGGGCGC

CAGGATGGTCGCGCGCACATCGCCGATGCCCTGGCCAAGGGCGCGGCTGCCGTCGCTTACGAGG

CGGAAGGCGCCGGAGAGCTGCCGCCCAGCGATGCGCCGCTGATCGCGGTGAAGGGGCTGGCCG

CGCAACTGTCGGCGGTCGCCGGGCGTTTCTACGGCGAGCCGAGCCGCGGGCTGGACCTGATCGG

CGTCACCGGTACCAACGGCAAGACCAGCGTCAGCCAACTGGTGGCCCAGGCCCTGGATCTGCTC

10 GGCGAGCGCTGCGGCATCGTCGGCACCCTCGGCACCGGTTTCTACGGCGCCCTGGAGAGCGGCC

GGCACAGCACGCCGGACCCGCTCGCGGTGCAGGCCACGCTGGCCACGCTGAAGCAGGCCGGCG

CCCGCGCGGTAGTGATGGAAGTGTCTTCCCACGGCCTCGACCAGGGCCGCGTGGCGGCGCTCGG

TTTCGATATCGCGGTGTTCACCAATCTGTCCCGCGACCACCTCGACTATCACGGTTCGATGGAAG

CCTATGCCGCCGCCAAGGCCAAGCTGTTCGCCTGGCCGGGCCTGCGCTGCCGGGTGATCAACCT

15 GGACGACGATTTCGGCCGTCGACTGGCCGGCGAGGAGCAGGACTCGGAGCTGATCACCTACAGC

CTCACCGACAGCTCGGCGTTCCTCTATTGCCGCGAAGCGCGCTTCGGCGACGCCGGCATCGAGG

CGGCGCTGGTCACTCCGCACGGCGAGGGCCTGCTGCGCAGCCCGTTGCTCGGCCGCTTCAACCT

GAGCAACCTGCTGGCGGCGGTCGGTGCGTTGCTTGGCCTGGGTTATCCCCTGGGCGATATCCTCC

GCACCTTGCCGCAACTGCAGGGGCCGGTCGGCCGCATGCAGCGCCTGGGAGGCGGCGACAAGC

20 CGCTGGTGGTGGTGGACTACGCGCATACTCCCGACGCCCTGGAAAAAGTCCTGGAGGCCCTGCG

TCCGCACGCGGCCGCGCGCCTGCTGTGCCTGTTCGGCTGCGGTGGCGATCGCGATGCCGGCAAG

CGTCCGCTGATGGCTGCGATCGCCGAACGCCTGGCGGATGGGGTGCTGGTCACCGACGACAACC

CGCGCACCGAGGCCAGTGCGGCGATCATCGCCGATATCCGCAAAGGCTTCGCTGCCGCTGACAA

GGTTACCTTCCTGCCGTCGCGCGGTGAGGCGATCGCCCATCTGATCGCTTCCGCTGCGGTGGATG

25 ACGTGGTGCTCCTGGCCGGCAAGGGTCACGAGGATTATCAGGAGATCGACGGCGTACGCCATCC

GTTCTCCGACATCGAGCAGGCCGAGCGCGCCCTGGCCGCCTGGGAGGTGCCGCATGCTTGA
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SEQ ID NO: 34

MPMSLNQLFPQAERDLLIRELTLDSRGVRPGDLFLAVPGGRQDGRAHIADA

5 LAKGAAAVAYEAEGAGELPPSDAPLIAVKGLAAQLSAVAGRFYGEPSRGLDLIGVT

GTNGKTSVSQLVAQALDLLGERCGIVGTLGTGFYGALESGRHTTPDPLAVQATLAT

LKQAGARAVVMEVSSHGLDQGRVAALGFDIAWTlSnLSRDHLDYHGSMEAYAAAK

AKLFAWPGLRCRVINLDDDFGRRLAGEEQDSELITYSLTDSSAFLYCREARFGDAGI

EAALVTPHGEGLLRSPLLGRFNLSNLLAAVGALLGLGYPLGDmRTLPQLQGPVGR

10 MQRLGGGDKPLWVDYAHTPDALEKVLEALRPHAAARLLCLFGCGGDRDAGKRP

LMAAIAERLADGVLVTDDNPRTEASAAIIADIRKGFAAADKVTFLPSRGEAIAHLIA

SAAVDDVVLLAGKGHEDYQEIDGVRHPFSDIEQAERALAAWEVPHA
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SEQ ID NO: 35

Forward PGR Primer

GCGGCGGCCCATATGCCTATGAGCCTGAACC

SEQ ID NO: 36

Reverse PGR Primer

GGGGGGATGGAGGATGGGGGAGCTCGG
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TABLE 7 Properties of UDP-N-acetylmuramoylalanyl-D-glutamate-l, 6-

diaminopimelate ligase from P. aeruginosa

TABLE 7 ~ UDP-N-acetylmuramoylalanyl-D-glutamate-2, 6-diaminopimelate ligase

from P. aeruginosa - SEQ ID NO: 31-SEQ ID NO: 34

Melting temperature ("C) ofSEQ ID NO: 35 (forward PGR
primer)

58

Restriction enzyme for SEQ ID NO: 35 (forward PGR primer) Ndel

Melting temperature ("G) ofSEQ ID NO: 36 (reverse PGR
primer)

58

Restriction enzyme for SEQ ID NO: 36 (reverse PGR primer) BamHI
Number ofnucleic acid residues in SEQ ID NO: 3

1

1464

Niimber of amino acid residues in SEQ ED NO: 32 487

Number of different nucleic acid residues between SEQ ID NO:
31 and SEQ ID NO: 33

7

Nimxber of different amino acid residues between SEQ ID NO:
32 and SEQ ID NO: 34

2

Galculated molecular weight ofSEQ ID NO: 32 polypeptide

(kDa)

51.263

Galculated pl ofSEQ ID NO: 32 polypeptide 5.1 /

Solubility ofSEQ ID NO: 34 polypeptide, determined as

described in EXAMPLE 2 (with the His tag at the G-terminus)

Approaching 100%

Amount ofpurified polypeptide having SEQ ID NO: 34,

prepared and purified as described in the Exemplification (mg/L

of culture). The polypeptide so expressed and purified is His

tagged and has the additional amino acid residues ofSEQ ID
NO: 3 at the G-terminus as described in EXAMPLE 6.

32.9

Amoxmt ofpurified polypeptide having SEQ ID NO: 34 soluble

in buffer, as described in EXAMPLE 8 (mg/ml ofbuffer)

29.3
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TABLE 8 Bioinformatic Analyses of UDP-N-acetylmuramoylalanyl-D-gIutamate-2, 6

diaminopimelate ligase from F. aeruginosa

TABLE 8 — UDP-N-acetylmuramoylalan.yl-D-glutaniate-2, 6-diairiinopimelate ligase jfrom

P. aeruginosa - SEQ ID NO: 31-SEQ ID NO: 34

COG Category cell wall/membrane biogenesis

COG ID Number COG0769
Is SEQ ID NO: 32 classified as an

essential gene?

yes

Most closely related protein firomPDB to

SEQ ID NO: 32

Udp-N-Acetyhnuramoylalanyl-D-Glutamate,

(leSc)

Source organism for closestPDB protein

to SEQ ID NO: 32

E. coli

e-value for closest PDB Protein to SEQ
ID NO: 32

l.OOE-108

% Identity between SEQ ID NO: 32 and

the closest protein firom PDB
48

% Positives between SEQ ID NO: 32 and
the closest protein from PDB

59

Number ofProtein Hits in the VGDB to

SEQ ID NO: 32
13

Number ofMicroorganisms having

VGDB Hits to SEQ ID NO: 32
12

Microorganisms having VGDB Hits to

SEQ ID NO: 32^
ecoli nmen bbur saur efae rpro

spne ctra bsub hinfhpyl paer

First predicted epitopic region ofSEQ ID
NO: 32: amino acid sequence, rank score,

amino acid residue nimibers

SEQ ID NO: 37 :

LEKVLEALRPHAAARLLCLFGC, 1.22,353-

>374
Second predicted epitopic region ofSEQ
ID NO: 32: amino acid sequence, rank
score, amino acid residue numbers

SEQ ID NO: 38 : KPLVWDYAHTPD,
1.213,339->351

Third predicted epitopic region ofSEQ ID
NO: 32: amino acid sequence, rank score,

amino acid residue numbers

SEQ ID NO: 39 :IAHLIASAAVDDVVLLAG,
1.197,436->453

5 Organisms are abbreviated as follows: ecoli = Eschericia coli; hpyl == Helicobacter

pylori; paer = Pseudomonas aeruginosa; ctra = Chlaydia trachomatis; hinf Haemophilus

influenzae; nmen = Neisseria meningitidis; rpxx = Rickettsia prowazekii; bbur = Borrelia

burgdorferi; bsub = Bacillus subtilis; staph = Staphylococcus aureus; spne = Streptococcus

pneujnojiiae; xagGJi = Mycoplasma genitalium; efae = Enterococcusfaecalis.
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SEQ ID NO: 40

ATGATTAATGTTACATTAAAGCAAATTCAATCATGGATTCCTTGTGAAATTGAAGATCA

5 ATITITAAATCAAGAGATAAATGGAGTCACAATTGATTCACGAGCAATTTCTAAAAATATGT^

TTATACCATTTAAAGGTGAAAATGTTGACGGTCATCGCTTTGTCTCTAAAGCATTACAAGATGGT

GCTGGGGCTGCTTTTTATCAAAGAGGGACACCTATAGATGAAAATGTAAGCGGGCCTATTATAT

GGGTTGAAGACACATTAACGGCATTACAACAATTGGCACAAGCTTACTTGAGACATGTAAACCC

TAAAGTAATTGCCGTCACAGGGTCTAATGGTAAAACAACGACTAAAGATATGATTGAAAGTGTA

10 TTGCATACCGAATTTAAAGTTAAGAAAACGCAAGGTAATTACAATAATGAAATTGGTTTACC^

AACTATTTTGGAATTAGATAATGATACrGAAATATCAATATTGGAGATGGGGATGTCAGGTTTC^

ATGAAATTGAATITCTGTCAAACCrCGCTCAACCAGATATTGCAGTTATAACTAATATTGGTGAG

TCACATATGCAAGATTTAGGTTCGCGCGAGGGGATTGCTAAAGCTAAATCTGAAATTACAATAG

GTCTAAAAGATAATGGTACGTTTATATATGATGGCGATGAACCATTATTGAAACCACATGTTAAA

15 GAAGTTGAAAATGCAAAATGTATTAGTATTGGTGTTGCTACTGATAATGCATTAGTTTGTTCTGT

TGATGATAGAGATACTACAGGTATTTCATITACGATrAATAATAAAQAACATTACGATCTGCCAA

TATTAGGAAAGCATAATATGAAAAATGCGACGATTGCCATTGCGGTTGGTCATQAATTAGGTTT

GACATATAACACAATCTATCAAAATTTAAAAAATGTCAGCTTAACTGGTATGCGTATGGAACAA

CATACATTAGAAAATGATATTACTGTGATAAATGATGCCTATAATGCAAGTCCTACAAGTATGA

20 GAGCAGCTATTGATACACTGAGTACTTTGACAGGGCGTCQCATTCTAATTITAGGAGATGTT^

GAATTAGGTGAAAATAGCAAAGAAATGCATATCGGTGTAGGTAATTATTTAGAAGAAAAGCATA

TAGATGTGTTGTATACGTTTGGTAATGAAGCGAAGTATATTTATGATTCGGGCCAGCAACATGTC

GAAAAAGCACAACACTTCAATTCTAAAGACGATATGATAGAAGTTTTAATAAACGATTTAAAAG

CGCATGACCGTGTATTAGTTAAAGGATCACGTGGTATGAAATTAGAAGAAGTGGTAAATGCnTT

25 AATTTCATAG
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SEQ ID NO: 41

MINVTLKQIQSWIPCEIEDQFLNQEINGVTIDSRAISKNMLFIPFKGENVDGH

5 RFVSKALQDGAGAAFYQRGTPIDENVSGPnWVEDTLTALQQLAQAYLRHVNPKVI

AVTGSNGKTTTKDMIESVLHTEFKVKKTQGlSrmNEIGLPLTILELDlSrDTEISILEMG

MSGFHEffiFLSNLAQPDIAVITNIGESHMQDLGSREGIAKAKSEITIGLKDNGTFIYD

GDEPLLKPHVKEVENAKCISIGVATDNALVCSVDDIODTTGISFTINNKEHYDLPILG

KHNMKNATIAIAVGHELGLTYNTIYQNLKNVSLTGMRMEQHTLEMJITV^

10 ASPTSMRAAJDTLSTLTGIUaLILGDVLELGENSKEMHIGVGNYLEEKHIDVLYTFG

ISIEAKYIYDSGQQHVEKAQHFNSKDDMIEVLINDLKAHDRVLVKGSRGMKLEEVV

NALIS
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SEQ ID NO: 42

ATGATTAATGTTACATTAAAGCAAATTCAATCATGGATTCCTTGTGAAATTG^

5 ATTTTTAAATCAAGAGATAAATGGAGTCACAATTGATTCAC^

TTATACCATTTAAAGGTGAAAATGTTGACGGTCATCGCTTTGTCTCTAAAGC^

GCTGGGGCTGCTTTTTATCAAAGAGGGACACCTATAGATGAAAATGTAAGCGGGCCT^

GGGTTGAAGACACATTAACGGCATTACAACAATTGGCACAAGCTTACTTGAGACATGTAAACCC

TAAAGTAATTGCCGTCACAGGGTCTAATGGTAAAACAACGACTAAAGATATGATTGAA^

10 TTGCATACCGAATTTAAAGTTAAGAAAACGCAAGGTAAT^

AACrATTTTGGAATTAGATAATGATACTGAAATATCAATATT

ATGAAATTGAATTTCTGTCAAACCTCGCTCAACCAGATATTGCAGTTATAACTA^

TCACATATGCAAGATTTAGGTrCGCGCGAGGGGATTGCTAAAGCTAAATCTGAAATTAC

GTCTAAAAGATAATGGTACGTTTATATATGATGGCGATGAACCATTATTGAAACCACATGT^

15 GAAGTTGAAAATGCAAAATGTATTAGTATTGGTGTTGCTACrG

TGATGATAGAGATACTACAGGTATTTCATTTACGATTAATAATAAAGAACA^^

TATTAGGAAAGCATAATATGAAAAATGCGACGATTGCCATTGCGGTTGGTCATG/^

GACATATAACACAATCTATCAAAATTTAAAAAATGTCAGCTTAACTGGTATGCGT^

CATACATTAGAAAATGATATTACTGTGATAAATGATGCCTATAATGCAAGTCCTACAAGTATGA

20 GAGCAGCTATTGATACACTGAGTACTTTGACAGGGCGTCGCATTCTAATTT^

GAATTAGGTGAAAATAGCAAAGAAATGCATATCGGTGTAGGTAATTATI^ .

TAGATGTGTTGTATACGTTTGGTAATGAAGCGAAGTATATTTATGATTCGGGCC^

GAAAAAGCACAACACTTCAATTCTAAAGACGATATGATAGAAGTTT^

CGCATGACCGTGTATTAGTTAAAGGATCACGTGGTATGAAATTAGAAGAAGTGGTAAATGCT^

25 AATTTCATAG
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SEQ ID NO: 43

MINVTLKQIQSWIPCEIEDQFLNQEINGVTIDSRAISKNMLFIPFKGENVDGH

RFVSKALQDGAGAAFYQRGTPIDENVSGPnWVEDTLTALQQLAQAYLRHVNPKVI

AVTGSNGKTTTKDMmSVLHTEFKVKKTQGNYNNEIGLPLTILELDNDTEISILEMG

MSGFHEffiFLSNLAQPDIAVITMGESHMQDLGSREGIAKAKSEITIGLKDNGTFIYD

GDEPLLKPHVKEVENAKCISIGVATDNALVCSVDDRDTTGISFTINISIKEHSDLPILG

KHNMKNATIAIAVGHELGLTYNTIYQNLKIWSLTG^^^

ASPTSMRAAIDTLSTLTGRIOLILGDVLELGENSKEMfflGVGNYLEEKHIDVLYTFG

NEAKYIYDSGQQHVEKAQHFNSKDDMIEVLINDLKAHDRVLVKGSRGMKLE

NALIS
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SEQ ID NO: 44

Forward PGR Primer

CGCGGGGTACCATGATTAATGTTACATTAAAGCAAATTC

SEQ ID NO: 45

Reverse PGR Primer

GCGCGGATCCTGAAATTAAAGCATTTACCACTTC
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TABLE 9 Properties of D-alanme:D-alanine-adding enzyme from S. aureus

TABLE 9 - D-alardne:D-alanine-adding enzyme from S. aureus - SEQ ID NO: 40-SEQ

ID NO: 43

Melting temperature ("C) ofSEQ ID NO: 44 (forward PGR
pnmer)

68

Restriction enzyme for SEQ ID NO: 44 (forward PGR primer) Kpnl

Meltmg temperature ( C) ofSEQ ID NO: 45 (reverse PCR
pnmer)
Restriction enzyme for SEQ ID NO: 45 (reverse PCR primer) BamHI

»

Number ofnucleic acid residuesm SEQ ID NO: 40

Number of amino acid residues in SEQ ID NO: 41 452

Number of different nucleic acid residues between SEQ ID NO:
40 and SEQ ID NO: 42

2

Number of different amino acid residues between SEQ ID NO:
41 and SEQ ID NO: 43

1

Calculated molecular weight ofSEQ ID NO: 41 polypeptide

(kDa)

50.1

Calculated pi ofSEQ ID NO: 41 polypeptide 4.8

Solubility ofSEQ ID NO: 43 polypeptide, determined as

described in EXAMPLE 2 (with the His tag at the N-terminus)

Less than one third

Solubility ofSEQ ID NO: 43 polypeptide, determined as

described m EXAMPLE 2 (with the His tag at the C-termmus)

Approaching 100%

Amoimt ofpurified polypeptide having SEQ ID NO: 43,

prepared and purified as described in the Exemplification (mg/L

of culture). The polypeptide so expressed and punfiLed is His

tagged and has the additional amino acid residues ofSEQ ID

NO: 3 at the C-terminus as described in EXAMPLE 6.

1.5

Amount ofpunfied polypeptide having SEQ ID NO: 43 soluble

in buffer, as described in EXAMPLE 8 (mg/ml of buffer)

7.0

Z-score for the peptide fingerprint mapping analysis of

polypeptide having SEQ ID NO: 43, determined as described in

EXAMPLE 9

2.35

Number ofmatched peptides in the peptide fingerprint mapping

analysis ofpolypeptide having SEQ ID NO: 43, determined as

described in EXAMPLE 9

11

Minimum sequence coverage in the peptide fingerprint mapping

analysis ofpolypeptide having SEQ ID NO: 43, determined as

described in EXAMPLE 9

36%

Results ofprotein interaction study described in EXAMPLE 11, EXAMPLE 12,

EXAMPLE 13 and EXAMPLE 14. The identity of interacting proteins identified by

using at least one ofthe methods described in those examples are: ribosomal protein SIO

(gill3702051), conserved hypothetical protein (gi| 13700831), and 32 kDa unidentified

protein.
,
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TABLE 10 Bioinformatic Analyses of D-alanmerD-alanine-adding enzyme from S.

aureus

TABLE 10 - D-alanine:D-alanine-adding enzyme from S. aureus - SEQ ID NO: 40-

SEQ ID NO: 43

COG Category cell membrane biogenesis

COG ID Number COG0770
Is SEQ ID NO: 41 classified as an essential gene? yes

Most closely related protein from PDB to SEQ ID NO: 41

Ml

Udpmumac-Tripeptide D-
Alanyl-D-Alanine-Adding

Enzyme, (lgg4)

Source organism for closest PDB protein to SEQ ID NO:
41

E. coli

e-value for closest PDB Protein to SEQ ID NO: 41 4.00E-54

% Identity beUveen SEQ ID NO: 41 and the closest

protein fromPDB
31

% Positives between SEQ ID NO: 41 and the closest

protein from PDB
50

Number ofProtein Hits in theVGDB to SEQ ID NO: 41 11

Number ofMicroorganisms having VGDB Hits to SEQ
ID NO: 41

11

Microorganisms having VGDB Hits to SEQ ID NO: 41
^

ecoli nmen bbur saur rpro

efae ctra spne hinfbsub paer

First predicted epitopic region ofSEQ ID NO: 41 : amino

acid sequence, rank score, amino acid residue numbers
SEQ ID NO: 46 :

DNALVCSVD, 1.196, 250-

>258

Second predicted epitopic region ofSEQ ED NO: 41

:

amino acid sequence, rank score, amino acid residue

numbers

SEQ ID NO: 47 :

NAKCISIGVA, 1.15, 239-

>248

Third predicted epitopic region of SEQ ID NO: 41 : amino

acid sequence, rank score, amino acid residue numbers
SEQ ID NO: 48 :

EPLLKPHVKEV, 1 . 149,

227->237

5 Organisms are abbreviated as follows: ecoli = Eschericia coli; hpyl = Helicobacter

pylori; paer = Pseudomonas aeruginosa; ctra = Chlaydia trachomatis; hinf= Haemophilus

influenzae; nmen = Neisseria meningitidis; rpxx = Rickettsia prowazekii; bbm* = Borrelia

burgdorferi; bsub = Bacillus subtilis; staph == Staphylococcus aureus; spne = Streptococcus

pneumoniae; mgen = Mycoplasma genitalium; efae = Enterococcusfaecalis.
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1 I

11

» »

^ 1
1

J

-r ' -I

1- I
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Measured Avg/ Coioputed Error Residues Missed
Massdi) Mono Mass {Da) Start To Cut Peptide sequence

11.83 .487 W 1183 . 623 -0 ,136 273 282 0 EHVDJC/PILGK

1217 .532 M »i*^ X7 * 661 -0 ,123 344 355 0 AAIDTLSTDTGIl
1309 .538 M 1309, 651 -0 . 1X3 261 272 P

13 66 .500 M 1366, 662 -0.103 59 71 0 P.hQDOmhhFYQK
1447 .612 M 1447. 701 -Q .089 122 133 0 DWIBSVIiHTEFK
1465 .599 M 1465, 683 -0 .084 398 409 0 YlVDSGaOHVEK
1505 .576 hi 1505. 751 -0,075 385 397 0 HIDVi:.YTFGWEAK

1517 .631 u 15') 7 , 718 -0.086 372 3 84 D Et'IHIGVGfiyr>EEK

2053 .947 H 2063 . 960 -0.014 242 260 - 0

2157 .051 W 2157. 073 -0.023 217 235 0 DWGTFIVDGDEEI^LKI?HVK
3 231 .595 I'J 3231. SiSi 0.046 8 34 0 QtQSWIPCEIEDQPLWQEIWGX'TinSR

SUBSTITUTE SHEET (RULE 26)
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SEQ ID NO: 49

ATGCTTGAGCCTCTTCGCCTCAGCCAGTTGACGGTCGCGCTGGACGCCCGCCTGATCGGC

5 GAGGACGCCGTCTTTTCGGCGGTTTCCACCGACAGTCGCGCCATCGGGCCCGGCCAACTG

TGCCCTGAGTGGGCCGCGTTTCGACGGCCACGACTATCTCGCCGAGGTTGCCGCCAAGGGCGCG

GTGGCTGCGCTGGTGGAGCGCGAAGTCGCCGACGCGCCCCTGCCGCAATTGCTGGTGCGCGATA

CCCGTGCGGCCCTGGGGCGACTGGGCGCGCTGAACCGGCGCAAGTTCACCGGCCCGCTGGCGGC

CATGACGGGCTCCAGCGGCAAGACCACGGTCAAGGAGATGCTCGCCAGCATCCTGCGTACCCAG

10 GCCGGCGATGCCGAGTCGGTGCTGGCTACCCGTGGCAATCTGAACAACGACCTCGGCGTACCGC

TGACCCTGCTGCAACTGGCGCCGCAGCACCGTAGCGCAGTGATCGAACTGGGCGCCTCGCGCAT

CGGCGAGATCGCCTACACGGTCGAGCTGACCCGCCCGCACGTGGCGATCATCACCAATGCCGGA

ACCGCCCATGTCGGCGAGTTCGGCGGACCGGAGAAGATCGTCGAGGCGAAGGGCGAGATACTC

GAAGGGCTGGCCGCCGACGGCACCGCCGTACTGAACCTGGACGACAAGGCCnTCGACACCrGGA

1 5 AGGCCCGTGCCAGCGGCCGTCCGTTGCTGACTTTCTCCCTCGACCGGCCCCAGGCCGAT^

GCCGCCGATCTGCAGCGCGATGCGCGCGGCTGCATGGGCTTCAGGCTGCAGGGCGTAGCGGGTG

AAGCGCAGGTCCAGCTCAACCTGCTGGGGCGGCACAATGTCGCCAATGCCCTGGCTGCCGCCGC

TGCCGCCCATGCACTGGGCGTGCCGCTGGATGGGATCGTCGCCGGGCTGCAGGCGCTGCAGCCG

GTCAAGGGCCGCGCGGTAGCGCAACTGACCGCCAGCGGGCTGCGTGTGATAGACGACAGCTACA

20 ACGCCAACCCCGCGTCAATGCTGGCGGCGATTGATATACTGAGCGGCTTTTCCGGGCGCACCGTC

CTGGTCCTCGGAGACATGGGCGAACTCGGTTCCTGGGCCGAGCAGGCCCACCGCGAGGTGGGCG

CCTACGCCGCTGGCAAGGTGTCCGCGCTCTATGCGGTCGGACCGCTGATGGCCCACGCCGTACA

GGCGTTCGGCGCCACGGGCCGGCACTTCGCCGACCAGGCCAGCCTGATCGGGGCGCTGGCCACC

GAACAACCGACAACCACCATTITGATCAAGGGTTCCCGCAGTGCGGCGATGGACA

25 CGGCGCTGTGCGGTTCCTCCGAGGAGAGTCACTAA
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SEQ ID NO: 50

MLEPLRLSQLTVALDARLIGEDAVFSAVSTDSRAIGPGQLFIALSGPRFDGHD

YLAEVAAKGAVAALVEREVADAPLPQLLVRDTRAALGRLGALNEiRKFTGPLAAM

TGSSGKTTVKEMLASILRTQAGDAESVLATRGNLNNDLGVPLTLLQLAPQHRSAVI

ELGASRIGEIAYTVELTRPHVAnTNAGTAHVGEFGGPEKIVEAKGEILEGLAADGTA

VLNLDDKAFDTWKARA.SGRPLLTFSLDRPQADFRAADLQM)ARGCMGFRLQGVA

GEAQVQLNLLGRHNVANALAAAAAAHALGVPLDGIVAGLQALQPVKGRAVAQL

TASGLRVEDDSYNANPASMLAAIDILSGFSGRTVLVLGDMGELGSWAEQAHREVG

AYAAGKVSALYAVGPLMAHAVQAFGATGRHFADQASLIGALATEQPTTTILIKGS

RSAAMDKWAALCGSSEESH



wo 03/087353
40/170

PCT/CA03/00481

FIGURE 39

SEQIDNO: 51

ATGCTTGAGCCTCTTCGCCTCAGCCAGTTGACGGTCGCGCTGGACGCCCGCCTGATCGGC

5 GAGGACGCCGTCTTTTCGGCGGTTTCCACCGACAGTCGCGACATCGGGCGCGGACAACTGT^

TGATGTGAGAGGGCCGCATTTCGACGGCCACGACTATCTCGCCGAGGTTGCCGCCAAGGGCGCG

GTGGCTGCGCTGGTGGAGCGCGAAGTCGCCGACGCGCCCCTGCCGCAATTGCTGGTGCGCGATA

CCCGTGCGGCCCTGGGGCGACTGGGCGCGCTGAACCGGCGCAAGTTCACCGGCCCGCTGGCGGC

CATGACGGGCTCCAGCGGCAAGACCACGGTCAAGGAGATGCTCGCCAGCATCCTGCGTACCCAG
10 GCCGGCGATGCCGAGTCGGTGCTGGCTACCCGTGGCAATCTGAACAACGACCTCGGCGTACCGC

TGACCCTGCTGCAACTGGCGCCGCAGCACCGTAGCGCAGTGATCGAACTGGGCGCCTCGCGCAT

CGGCGAGATCGCCTACACGGTCGAGCTGACCCGCCCGCACGTGGCGATCATCACCAATGCCGGA

ACCGCCCATGTCGGCGAGTTCGGCGGACCGGAGAAGATCGTCGAGGCGAAGGGCGAGATACTC

GAAGGGCTGGCCGCCGACGGCACCGCCGTGCTGAACTGGGACGACAAGGCr^
15 AGGCCCGTGCCAGCGGCCGTCCGTTGTTGACTTTCTCCCTCGACCGGCCCCAGGCCGATT^

GCCGCCGATCTGCAGCGCGATGCGCGCGGCTGCATGGGCTTCAGGCTGCAGGGCGTAGCGGGTG

AAGCGCAGGTCCAGCTCAACCTGCTGGGGCGGCACAATGTCGCCAATGCCCTGGCTGCCGCCGC

TGCCGCCCATGCACTGGGCGTGCCGCTGGATGGGATCGTCGCCGGGCTGCAGGCGCTGCAGCCG

GTCAAGGGCCGCGCGGTAGCGCAACTGACCGCCAGCGGGCTGCGTGTGATAGACGACAGCTACA
20 ACGCCAACCCCGCGTCAATGCTGGCGGCGATTGATATACTGAGCGGCTTTTCCGGG^

CTGGTCCTCGGAGACATGGGCGAACTCGGTTCCTGGGCCGAGCAGGCCCACCGCGAGGTGGGCG

CCTACGCCGCTGGCAAGGTGTCCGCGCTCTATGCGGTCGGACCGCTGATGGCCCACGCCGTACA

GGCGTTCGGCGCCACGGGCCGGCACTTCGCCGACCAGGCCAGCCTGATCGGGGCGCTGGCCACC

GAACAACCGACAACCACCATTTTGATCAAGGGTTCCCGCAGTGCGGCGATGGACAAAGTC
25 CGGCGCTGTGCGGTTCCTCCGAGGAGAGTCACTAA
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SEQ ID NO: 52

MLEPURLSQLTVALDARJLIGEDAVFSAVSTDSRDIGRGQLFIDVRGPHFDGH

5 DYLAEVAAKGAVAALVEREVADAPLPQLLVRDTRAALGRLGALNRRKFTGPLAA

MTGSSGKTTVKEMLASILRTQAGDAESVLATRGNLNNDLGVPLTLLQLAPQHRSA

VJELGASRIGEIAYTVELTRPHVAnXNAGTAHVGEFGGPEKIVEAKGEILEGLAADG

TAVLNWDDKAFDTWKARASGRPLLTFSLDRPQADFRAADLQRDARGCMGFRLQG

VAGEAQVQLNLLGRHNVANALAAAAAAHALGVPLDGIVAGLQALQPVKGRAVA
1
0 QLTASGLRVTODSYNANPASMLAAIDILSGFSGRTVLVLGDMGELGSWAEQAHRE

VGAYAAGKVSALYAVGPLMAHAVQAFGATGRHFADQASLIGALATEQPTTTILIK
GSRSAAMDKWAALCGSSEESH

t



wo 03/087353 PCT/CA03/00481
42/170

FIGURE 41

SEQ ID NO: 53

Forward PGR Primer

GCGGCGGCCCATATGCTTGAGCCTCTTCGCC

SEQ ID NO: 54
10

GCGCGGATCCGTGACTCTCCTCGGAGGAAC
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TABLE 11 Properties of D-alanine:D-alanine-adding enzyme from P. aeruginosa

TABLE 1 1 ~ D-alanine:D-alamne-adding enzyme from P. aeruginosa - SEO ID NO-
49-SEQ ID NO: 52
Melting temperature (°C) ofSEQ ID NO: 53 (forward PGR
primer)

60

Restriction enzyme for SEQ ID NO: 53 (forward PGR primer)
| Ndel

Melting temperature ("C) ofSEQ ID NO: 54 (reverse PGR 164
primer)

Restriction enzyme for SEQ ID NO: 54 (reverse PGR primer)
| BamHI

Number ofnucleic acid residues in SEQ ID NO: 49 1377
Number of amino acid residues in SEQ ID NO: 50 I 458
Nimiber of different nucleic acid residues between SEQ ID NO* TU
49 and SEQ ID NO: 51

Number of different amino acid residues between SEQ ID NO-
50 and SEQ ID NO: 52
Galculated molecular weight ofSEQ ID NO: 50 polypeptide
(kDa)

47.4

Galculated pi ofSEQ ID NO: 50 polypeptide
Solubility ofSEQ ID NO: 52 polypeptide, determined as
described in EXAMPLE 2 (with the His tag at the G-terminus)
Amount ofpurified polypeptide having SEQ ID NO: 52,
prepared and pmified as described in the Exemplification
(mg/mL of culture). The polypeptide so expressed and purified
is His tagged and has the additional amino acid residues ofSEQ
ID NO: 3 at the C-terminus as described in EXAMPLE 6.

6.3

Approaching 100%

10.4

17.6
Amount ofpurified polypeptide having SEQ ID NO: 52 soluble
in buffer, as described in EXAMPLE 8 (mg/ml ofbuffer)
Z-score for the peptide fingerprint moping analysis of

| 239
polypeptide having SEQ ID NO: 52, determined as described in
EXAMPLE 9
Number ofmatched peptides in the peptide fmgerprint mapping
analysis ofpolypeptide having SEQ ID NO: 52, determined as
described in EXAMPLE 9

14

Minimum sequence coverage in the peptide fingerprint mapping 37%
analysis ofpolypeptide having SEQ ID NO: 52, deteraiined as
described in EXAMPLE 9
Galculated molecular wei^t ofSEQ ID NO: 50 polypeptide
(Da), determined as described in EXAMPLE 10
Experimental molecular weight ofSEQ ID NO: 52 polypeptide
(Da), determined as described in EXAMPLE 1

0

49228

49140

Results ofprotein interaction study described in EXAMPLE 11, EXAMPLE 12
EXAMPLE 13 and EXAMPLE 14. The identity of interacting proteins identified by
using at least one of the methods described in those examples are: adenine
phosphoribosyltransferase (gi|9947502), PA1091 (flagellin type B), and 95 kDa
imidentified protein.
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TABLE 12 Bioinformatic Analyses of D-alanine:D-alanine-addiiig enzyme from P.

aeruginosa

TABLE 12 ~ D-alanine:D-alarLine-add.ing enzyme from P. aeruginosa - SEQ ID NO: 49-
SEQ ID NO: 52

COG Category cell membrane biogenesis

COG ID Number COG0770
Is SEQ ID NO: 50 classified as an essential gene? yes

Most closely related protein from PDB to SEQ ID
NO: 50

Udpmxraiac-Tripeptide D-Alanyl-
D-Alanine-Adding Enzyme,
(lgg4)

Soxjurce organism for closest PDB protein to SEQ ID
NO: 50

E. coli

e-value for closest PDB Protein to SEQ ID NO: 50 5.00E-95

% Identity between SEQ ID NO: 50 and the closest

protein from PDB
45

% Positives between SEQ ID NO: 50 and the closest

protein from PDB
59

Nimiber ofProtein Hits in the VGDB to SEQ ID NO:
50

11

Nmnber ofMicroorganisms having VGDB Hits to

SEQ ID NO: 50
11

Microorganisms having VGDB Hits to SEQ ID NO:
50^

ecoU nmen bbur saur rpro

efae ctra spne bsub hinfpaer
First predicted epitopic region ofSEQ ID NO: 50:

amino acid sequence, rank score, amino acid residue

mombers

SEQ ID NO: 55 :

MDKVVAALCGSS, 1.212, 443-
>454

Second predicted epitopic region ofSEQ ID NO: 50:

amino acid sequence, rank score, amino acid residue

mmibers

SEQ ID NO: 56 :

HREVGAYAAGKVSALYAVGP-
LMAHAVQAF, 1.188, 379->407

Third predicted epitopic region ofSEQ ID NO: 50:

amino acid sequence, rank score, amino acid residue

mmibers

SEQ ID NO: 57 :

ADAPLPQLLVRDT, 1.182, 73-

>85,

5 ^Organisms are abbreviated as follows: ecoli = Eschericia coli', hpyl = Helicobacter

pylori; paer = Pseudomonas aeruginosa', ctra = Chlaydia trachomatis', hinf= Haemophilus

influenzae', nmen = Neisseria meningitidis; rpxx = Rickettsia prowazekii; bbur = Borrelia

burgdorferi', bsub = Bacillus subtilis; staph = Staphylococcus aureus; spne = Streptococcus

pneumoniae; mgen = Mycoplasma genitalium; efae = Enterococcusfaecalis.

10
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884 .413 M 884- 508 -0 .095
931 .403 M 931, 516 -0 .112

looa. -417 1001. 550 -0 .133
1085 .475 M 1085. 619 -0 .144
1185 .556 M 1185. 671 ~o . 115
1317 .552 M 1317. 652 -0 .100
1323 .557 M 1323 . 648 -0 .091
1419 .733 1419, 808 -0 ,075
1434 . 601 1434, 677 ^0 .076
1451 .684 M 1451. 743 -0 . 059
1495 .778 M 1495. 850 -0 .072
1665 .783 M 1665.820 -0 .037
1764 .960 M 1764. 984 -0 . 023
2146 ,102 M 2146. 127 -0 .026

62 70 0
118 125 0 EMLASILR
160 169

. 0 SA.VTELGASR
324 334 0 AVAQI/TASGLR

7 17 0 LSQLTVALDAR
126 138 0 TQAGDAESVLATR
100 113 0 FTGPLAAI'ITGS SGI<;

71 83 0 EVADAPr<PQLLVR
49 61 0 FDGHDYLAEVAAK
99 113 1 KFTGPLAAMTGSSGK
34 48 0 AIGPGQI.FIAr/SGPR
18 33 0 LIGEDAVFSAVSa?DSR

271 287 0 LQGVAGEAQVQLNIiLGR
237 255 0 ASGRPLLO^PSLDRPQADPR

SUBSTITUTE SHEET (RULE 26)
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SEQ ID NO: 58

TTGAAGATTATTTTGTTGTATGGCGGCAGAAGTGAAGAGCACGATGTGT

CTGTTTTGTCTGCATATTCCGTTTTAAATGCAATCTATTATAAATATTATCAAGT

ACAGTTAGTCTTTATTAGTAAAGACGGTCAATGGGTAAAAGGCCCTCTTTTATC

TGAACGACCACAAAATAAAGAAGTTTTACATTTAACTTGGGCACAAACACCTG

AAGAAACAGGCGAATTTTCAGGAAAACGAATCAGTCCTTCGGAAATTTATGAA

GAAGAAGCGATTGTTTTCCCTGTTTTACATGGGCCAAATGGTGAAGATGGAACA

ATTCAAGGATTCATGGAAACCATTAATATGCCTTATGTAGGCGCGGGTGTCTTA

GCTAGTGCTAACGCAATGGACAAAATCATGACGAAATATCTTTTACAAACTGTT

GGCATTCCACAAGTACCATTCGTGCCAGTTTTAAGAAGTGACTGGAAAGGAAA

TCCAAAAGAAGTCTTTGAAAAATGTGAAGGTTCTTTAATTTATCCGGTCTTTGTT

AAACCTGCCAATATGGGTTCTAGTGTCGGAATTAGCAAAGTGGAAAATCGTGA

AGAATTGCAAGAAGCATTGGAAGAAGCTTTCCGTTATGATGCCCGAGCAATTG

TTGAACAAGGGATCGAAGCACGTGAAATTGAAGTAGCCATTTTAGGAAATGAA

GATGTCCGTACGACTTTACCTGGTGAAGTGGTGAAAGATGTCGCTTTCTATGAT

TATGATGCAAAATACATCAATAACACGATTGAAATGCAAATCCCAGCGCATGT

TCCAGAAGAAGTAGCTCATCAAGCGCAAGAATACGCTAAAAAAGCGTATATTA

TGTTAGATGGAAGTGGCTTAAGTCGCTGTGATTTCTTCTTAACAAGCAAAAACG

AATTATTCCTGAATGAATTGAACACCATGCCTGGTTTTACTGACTTTAGTATGTA

TCCTTTACTGTGGGAAAATATGGGCTTGAAATACAGTGATTTAATTGAGGAACT
GATTCAGTTAGCTTTGAATCGTTTTAAATGA
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SEQ ID NO: 59

LKIILLYGGRSEEHDVSVLSAYSVLNAIYYKYYQVQLVFISKDGQWVKGPLL

5 SERPQNKEVLHLTWAQTPEETGEFSGKRISPSEIYEEEAIVFPVLHGPNGEDGTIQGF

METIN]Vn»WGAGVLASANAMDKIMTKYLLQTVGIPQWFWVLRSD\^

EKCEGSLIYPVFVKPANMGSSVGISKVENREELQEALEEAFRYDARAIVEQGIEARE

mVAILGNEDVRTTLPGEVVKDVAFYDYDAKYINNTffiMQIPAHVPEEVAHQAQEY

AKKAYIMLDGSGLSRCDFFLTSKNELFLNELNTMPGFTDFSMYPLLWE]^
10 DLIEELIQLALNRFK
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SEQ ID NO: 60

TTGAAGATTATTTTGTTGTATGGCGGCAGAAGTGAAGAGCACGATGTGT

CTGTTTTGTCTGCATATTCCGTTTTAAATGCAATCTATTATAAATATTATCAAGT

ACAGTTAGTCTTTATTAGTAAAGACGGTCAATGGGTAAAAGGCCCTCTTTTATC

TGAACGACCACAAAATAAAGAAGTTTTACATTTAACTTGGGCACAAACACCTG

AAGAAACAGGCGAATTTTCAGGAAAACGAATCAGTCCTTCGGAAATTTATGAA

GAAGAAGCGATTGTTTTCCCTGTTTTACATGGGCCAAATGGTGAAGATGGAACA

ATTCAAGGATTCATGGAAACCATTAATATGCCTTATGTAGGCGCGGGTGTCTTA

GCTAGTGCTAACGCAATGGACAAAATCATGACGAAATATCTTTTACAAACTGTT

GGCATTCCACAAGTACCATTCGTGCCAGTTTTAAGAAGTGACTGGAAAGGAAA

TCCAAAAGAAGTCTTTGAAAAATGTGAAAGTTCTTTAATTTATCCGGTCTTTGTT

AAACCTGCCAATATGGGTTCTAGTGTCGGAATTAGCAAAGTGGAAAATCGTGA

AGAATTGCAAGAAGCATTGGAAGAAGCTTTCCGTTATGATGCCCGAGCAATTG

TTGAACAAGGGATCGAAGCACGTGAAATTGAAGTAGCCATTTTAGGAAATGAA

GATGTCCGTACGACTTTACCTGGTGAAGTGGTGAAAGATGTCGCTTTCTATGAT

TATGATGCAAAATACATCAATAACACGATTGAAATGCAAATCCCAGCGCATGT

TCCAGAAGAAGTAGCTCATCAAGCGCAAGAATACGCTAAAAAAGCGTATATTA

TGTTAGATGGAAGTGGCTTAAGTCGCTGTGATTTCTTCTTAACAAGCAAAAACG

AATTATTCCTGAATGAATTGAACACCATGCCTGGTTTTACTGACTTTAGTATGTA

TCCTTTACTGTGGGAAAATATGGGCTTGAAATACAGTGATTTAATTGAGGAACT
GATTCAGTTAGCTTTGAATCGTTTTAAATGA
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SEQ ID NO: 61

LKIILLYGGRSEEHDVSVLSAYSVLNAIYYKYYQVQLVFISKDGQWVKGPLL

SERPQNKEVLHLTWAQTPEETGEFSGKRISPSEIYEEEAIVFPVLHGPNGEDGTIQGF

METINMPYVGAGVLASANAMDKlMTKYLLQTVGn'QVPFWVLRSDWKGNPKEVF

EKCESSLIYPWVKPAISIMGSSVGISKVENREELQEALEEAFRYDARAIVEQGIEAREI

EVAILGNEDVRTTLPGEVVKDVAFYDYDAKYINNTIEMQIPAHVPEEVAHQAQEY

AKXAYIMLDGSGLSRCDFFLTSK^ffiLFLNELNTMPGFTDFS]V^^LLWE]^

DLIEELIQLALNRFK



wo 03/087353 „^ PCT/CA03/00481
51/170

FIGURE 50

SEQ ID NO: 62

Forward PCR Primer

GCGGCGGCCCATATGAAGATTATTTTGTTGTATGG

SEQ ID NO: 63

Reverse PCR Primer

GCGCGGATCCAAAACGATTCAAAGCTAACTGAATC
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TABLE 13 Properties of D-alanine-D-alanine ligase from E. faecBlis
\

TABLE 13 - D-alanine-D-alanine ligase from E.faecalis ~ SEQ ID NO: 58-SEQ ID
NO: 61

Melting temperature (°C) ofSEQ ID NO: 62 (forward PGR 58

Restriction enzjmie for SEQ ID NO: 62 (forward PGR primer) Ndel
ivieiimg leruperaiure v-'^ oi ibxii^ iJU inl^. od ^^reverse Jri^Jtv DO

Restriction enzyme for SEQ ID NO: 63 (reverse PGR primer) BamHI
iNumDer oi nucieic ^ciu resiQues m oJiv^ xxj invj. do 1 HAT

Number of amino acid residues in SEQ ID NO: 59 348

Number of different nucleic acid residues between SEQ ID NO:
58 and SEQ ID NO: 60

1

Number of different amino acid residues between SEQ ID NO:
DV and orirQ ID JNU: ol

2

Galculated molecular weight ofSEQ ID NO: 59 polypeptide

(^KJJa^

39.34

Galculated pi ofSEQ ID NO: 59 polypeptide 4.5

Solubility ofSEQ ID NO: 61 polypeptide, determined as

descnbea m bXAJVLrLrs 2 (with the His tag at the C-termmus)
Approaching 100%

Amount ofpurified polypeptide having SEQ ID NO: 61,

prepared and purified as described in the Exemplification (mg/L
of culture). The polypeptide so expressed and purified is His
tagged and has the additional amino acid residues ofSEQ ID
NO: 3 at the C-terminus as described in EXAMPLE 6.

6.2

Amount ofpurified polypeptide having SEQ ID NO: 61 soluble

in buffer, as described in EXAMPLE 8 (mg/ml of buffer)

iD.l

z,-score tor the peptide iingerpnnt mapping analysis oi

pol3^eptide having SEQ ID NO: 61, determined as described in

Z.Z /

Number ofmatched peptides in the peptide fingerprint mapping
analysis ofpolypeptide having SEQ ID NO: 61, determined as

described in EXAMPLE 9

11

Minimum sequence coverage in the peptide fingerprint mapping
analysis ofpolypeptide having SEQ ID NO: 61, determined as

described in EXAMPLE 9

42%

Galculated molecular weight ofSEQ ID NO: 59 polypeptide

(Da), determined as described in EXAMPLE 1

0

41157

Experimental molecular weight ofSEQ ID NO: 61 polypeptide

(Da), determined as described in EXAMPLE 10

41083

Results ofprotein interaction study described in EXAMPLE 11, EXAMPLE 12,

EXAMPLE 13 and EXAMPLE 14. No interacting proteins were observed by using at

least one ofthe methods described in those examples.
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TABLE 13 - D-alauine-D-alaiiuie ligase from EJaecalis - SEQ ID NO: 58-SEQ ID

NO: 61

Crystals of a polypeptide having the sequence ofSEQ ID NO: 61, prepared and purified

as described above and having a His tag, ai^e obtained using the following conditions:

24% PEG 4000, O.IM HBPES pH 7.5, 0.2M ammonium sulfate. In addition, crystals of

the same polypeptide may be prepared under the following conditions: L4M sodium

citrate, O.IM sodium acetate pH 4.5. The crystals were prepared using the following

method: 20°C, sitting-drop, 15 mg polypeptide per ml of solution.

SUBSTITUTE SHEET (RULE 26)
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TABLE 14 Bioinformatic Analyses of D-alanine-D-alanine ligase from E. faecalis

TABLE 14 - D-alanine-D-alanine ligase from E. faecalis - SEQ ID NO: 58-SEQ ID NO:
61

COG Category cell membrane biogenesis

COG ID Number COG1181
Is SEQ ID NO: 59 classified as an- essential

eene?
yes

Most clos^y related protein from PDB to

SEQ ID NO: 59
D-Alanine: D-Lactate Ligase, (lehi)

SEQ ID NO: 59
X'^MC/L/f£Cyu£C/C> ffptSt^Gfitter L/ttPtf^

e-value for closest PDB Protein to SEQ ID
NO- 5Q -

3.00E-49

% Identity between SEQ ID NO: 59 and the

closest protein from PDB
33

% Positives between SEO ID NO: 59 and the

closest protein from PDB
54

Number of Protein Hits in the VGDB to

SEQ K) NO: 59
13

Number ofMicroorganisms having VGDB
Hits to SEQ ID NO: 59

10

Microorganisms having VGDB Hits to SEQ
ID NO: 59^

ecoli nmeu bbursaur rpro

e:&e hinfspne bsub paer
First predicted epitopic region ofSEQ ID
NO: 59: amino acid sequence, rank score,

amino acid residue numbers

SEQ ID NO: 64 :TK:YI.LQTVGIP-
QVPFVPVLRS, 1.231,135->155

Second predicted epitopic region ofSEQ ID
NO: 59: amino acid sequence, rank score>

amino acid residue numbers

SEQ ID NO: 65 :VFEKCEGSLIYPVFVIKP,
1.212,164->180,

Third predicted epitopic region ofSEQ ID
NO: 59: amino acid sequence, rank score,

amino acid residue numbers

SEQ ID NO: 66 : EEAIVFPVLHG,
1.204,89->99

Organisms are abbreviated as follows: gcoU — Eschericia coli; Tapyl'^^ Helicobacter

5 pylori; paer = Pseudpmonas aen^ginosa; ctra == Chlaydia trachomatis; binf= Haemophilus

influenzae; nmen = Neisseria meningitidis; ipxx = Rickettsia prowazekii; bbur = Borrelia

burgdorferi; bsub = Bacillus subtilis; staph = Staphylococcus aureus; spne = Streptococcus

pneumoniae; mgen —Mycoplasma genitalium; efae = Enterococcusfaecalis.
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Measured Avg/ coinputecl Error
Mass(M) Mono Mass (Da)

Residues Missed
Start To Cut Peptide sequence

903,680 M 903.554
1084.689 M 1084.587
1205.609 M 1205,524
1237.768 M 1237.677
1281.716 M 1281,638
1409.807 M 1409,733
1455,848 M 1455-756
1462.768 M 1462.693
1783,012 M 1788,961
2038.213 M 2038.197
3122.317 M 3122,511

0-^27 3 10 0 IIDLYQGR
0.102 212 221 0 AIVEQGIEAR
0.085 244 253 0 DVAFYDYDAK
0.091 49 59 0 GPLDSERPQNK
0,078 282 293 0 AYIMLDGSGLSR
0,075 281 293 1 KAYIMbDGSGLSR
0,092 222 234 0 EIEVAXLGNJ3DVR
0. 075 196 207 0 EELQEALEEAPR
0.051 332 346 0 YSDLIEEIiXQLALNR
0.016 137 154 0 YLLQTVGIPQWFVPVliR

-0.195 254 280 0 YINWTXEMQIBAHVPBEVAHQAQEYAK
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SEQ ID NO: 67

GTGAGCCTGGAACTGCAAGAGCATTGCTCGCTGAAGCCCTATAACACCT

5 TCGGCATCGACGTGCGCGCCCGCCTGCTGGCCCACGCCCGGGACGAGGCTGAT

GTGCGCGAGGCCCTGGCCCTGGCTCGGGAGCGTGGATTGCCGCTGCTGGTGATC

GGTGGTGGCAGCAACCTGCTGCTGACCCGTGACGTCGAGGCGCTGGTTTTGCGC

ATGGCCAGCCAGGGGCGGCGAATTGTTTCCGATGCCGCGGATTCGGTGTTGGTC

GAGGCGGAGGCGGGCGAGGCCTGGGACCCATTCGTACAATGGAGCCTGGAGCG
10 GGGCCTGGCCGGTCTGGAAAATCTCAGCCTGATTCCCGGCACCGTGGGTGCGG

CGCCGATGCAGAACATCGGCGCCTATGGCGTGGAGCTGAAGGATGTCTTCGAC

AGCCTGACGGCGCTGGATCGCCAGGATGGAACCCTGCGTGAGTTCGATCGCCA

GGCCTGCCGTTTCGGCTACCGCGACAGCCTGTTCAAGCAGGAGCCTGATCGCTG

GCTGATCCTCCGCGTGCGCCTGCGCCTGACACGGCGGGAGAGGCTGCACCTGG

15 ACTACGGGCCGGTACGCCAGCGCCTGGAGGAGGAGGGCATCGCCAGTCCGACG

GCCAGGGACGTAAGCCGGGTAATCTGCGCCATTCGCCGGGAGAAGCTGCCCGA

CCCCGCCGTATTGGGCAATGCCGGCAGCTTCTTCAAGAACCCGCTGGTGGATGC

GACGCAGGCCGAGCGCTTGCGTCAGGCCTTCCCGGATCTGGTTGGCTATCCGCA

GGCGGACGGTCGGCTGAAGCTGGCTGCAGGCTGGCTCATCGACAAGGGCGGCT

20 GGAAGGGTTTCCGCGATGGCCCGGTGGGGGTACACGCGCAGCAGGCGCTGGTC

CTGGTAAACCATGGCGGCGCCACTGGTGCCCAGGTCCGGGCATTGGCCGAGCG

TATCCAGGAGGACGTCCGTCGGCGTTTCGGCGTCGAATTGGAGCCTGAACCCA

ATCTCTACTGA
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SEQ ID NO: 68

VSLELQEHCSLKPYNTFGroVRARLLAHARDEADVREALALARERGLPLLVI

5 GGGSNLLLTRDVEALVLRMASQGKRIVSDAADSVLVEAEAGEAWDPFVQWSLER

GLAGLENLSLIPGTVGAAPMQNEGAYGVELKDVFDSLTALDRQDGTLREFDRQAC

RFGYRDSLFKQEPDRWLILRVRLRLTRRERLHLDYGPVRQRLEEEGIASPTARDVSR

VICAIRREKLPDPAVLGNAGSFFKNPLVDATQAERLRQAFPDLVGYPQADGRLKLA

AGWLIDKGGWKGFRDGPVGVHAQQALVLVNHGGATGAQVRALAERIQEDVRRR
10 FGVELEPEPNLY-
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SEQ ID NO: 69

GTGAGCCTGGAACTGCAAGAGCATTGCTCGCTGAAGCCCTATAACACCT

5 TCGGCATCGACGTGCGCGCCCGCCTGCTGGCCCACGCCCGGGACGAGGCTGAT

GTGCGCGAGGCCCTGGCCCTGGCTCGGGAGCGTGGATTGCCGCTGCTGGTGATC

GGTGGTGGCAGCAACCTGCTGCTGACCCGTGACGTCGAGGCGCTGGTTTTGCGC

ATGGCCAGCCAGGGGCGGCGAATTGTTTTCGATGCCGCGGATTCGGTGTTGGTC

GAGGCGGAGGCGGGCGAGGCCTGGGACCCATTCGTACAATGGAGCCTGGAGCG

10 GGGCCTGGCCGGTCTGGAAAATCTCAGCCTGATTCCCGGCACCGTGGGTGCGG

CGCCGATGCAGAACATCGGCGCCTATGGCGTGGAGCTGAAGGATGTCTTCGAC

AGCCTGACGGCGCTGGATCGCCAGGATGGAACCCTGCGTGAGTTCGATCGCCA

GGCCTGCCGTTTCGGCTACCGCGACAGCCTGTTCAAGCAGGAGCCTGATCGCTG

GCTGATCCTCCGCGTGCGCCTGCGCCTGACACGGCGGGAGAGGCTGCACCTGG

1 5 ACTACGGGCCGGTACGCCAGCGCCTGGAGGAGGAGGGCATCGCCAGTCCGACG

GCCAGGGACGTAAGCCGGGTAATCTGCGCCATTCGCCGGGAAAAGCTGCCCGA

CCCCGCCGTATTGGGCAATGCCGGCAGCTTCTTCAAGAACCCGCTGGTGGATGC

GGCGCAGGCCGAACGCTTGCGTCAGGCCTTCCCGGATCTGGTTGGCTATCCGCA

GGCGGACGGTCGGCTGAAGCTGGCTGCAGGCTGGCTCATCGACAAGGGTGGCT

20 GGAAGGGTTTCCGCGATGGCCCGGTGGGGGTACACGCGCAGCAGGCGCTGGTT

CTGGTCAACCATGGCGGTGCCACCGGTGCCCAGGTCCAGGCATTGGCGGAGCG

TATCCAGGAGGACGTCCGTCGGCGTTTCGGCGTCGAATTGGAGCCTGAACCCA

ATCTCTACTGA
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SEQ ID NO: 70

VSLELQEHCSLKPYNTFGIDVRARLLAHARDEADVREALALARERGLPLLVI

GGGSNLLLTRDVEALVLRMASQGRRIVFDAADSVLVEAEAGEAWDPFVQWSLER

GLAGLENLSLIPGTVGAAPMQMGAYGVELKDVFDSLTALDRQDGTLREFDRQAC

RFGYRDSLFKQEPDRWLILRVRLRLTRRERLHLDYGPVRQRLEEEGIASPTARDVSR

VICAIRREKLPDPAVLGNAGSFFKISIPLVDAAQAERLRQAFPDLVGYPQADGRLKLA

AGWEIDKGGWKGFRDGPVGVHAQQALVLVNHGGATGAQVQALAERIQEDVRRR

FGVELEPEPNLY-
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SEQ ID NO: 71

ForwardPGR Primer

GCGGCGGCCCATATGAGCCTGGAACTGCAAG

SEQ ID NO: 72
10

Reverse PGR Primer

GCGGGGATGCGTAGAGATTGGGTTGAGGG
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TABLE 15 Properties of UDP-N-acetylpyruvoylglucosamine reductase from P.

aeruginosa

1

TABLE 15 -- UDP-N-acetylpyravoylglucosamine reductase from P. aeruginosa - SEO
1
ID NO: 67-SEQ ID NO: 70 *

v

Melting temperature ("C) ot SEQ ID NO: 71 (forward PGR
1

primer)
58

1
Restriction enzyme for SEQ ID NO: 71 (forward PGR primer^ Ndel

~
1

Meltmg temperature ("C) ofSEQ ID NO: 72 (reverse PGR
1

primer)
58

Restriction enzyme for SEQ ID NO: 72 (reverse PGR primer) Bamm ~
Number ofnucleic acid residues in SEQ ID NO: 67 1020
Number of amino acid residues in SEQ ID NO: 68 339

1

Nimiber of different nucleic acid residues between SEQ ID NO-
67 and SEQ ID NO: 69

11

Number of different amino acid residues between SEQ ID NO*
68 and SEQ ID NO: 70

— —

Calculated molecular weight ofSEQ ID NO: 68 polypeptide
(kDa)

37.596
~

Calculated pl ofSEQ ID NO: 68 polypeptide 6.6
Solubility ofSEQ ID NO: 70 polypeptide, determined as
described in EXAMPLE 2 (with the His tag at the N-terminus)

Approaching 100%

Amount ofpurified polypeptide having SEQ ID NO: 70,
prepared and purified as described in the Exemphfication (mg/L
of culture). The polypeptide so expressed and purified is His
tagged and has the additional amino acid residues ofSEQ ID
NO: 1 at the N-terminus as described in EXAMPLE 6.

9.5

Amount ofpurified polypeptide having SEQ ID NO: 70 soluble
in buffer, as described in EXAMPLE 8 (mg/ml ofbuffer)

7.3

Z-score for the peptide fingerprint mapping analysis of
polypeptide having SEQ ID NO: 70, determined as described in
EXAMPLE 9

1.20E-04

Number ofmatched peptides in the peptide fingerprint mapping
analysis ofpolypeptide having SEQ ID NO: 70, determined as
described in EXAMPLE 9

10

1
Minimum sequence coverage in the peptide fingerprint mapping
analysis ofpolypeptide having SEQ ID NO: 70, determined as
described in EXAMPLE 9

31%

Results ot protem interaction study described in EXAMPLE 1 1, EXAMPLE 12,
EXAMPLE 13 and EXAMPLE 14. No interactmg proteins were observed by i^ing at
least one of the methods described in those examples.
Crystals ofa polypeptide havmg the sequence ofSEQ ID NO: 70, prepared and purified
as described above and having a His tag, are obtained using the following conditions:
35% PEG 400, sodium cacodylate pH 6.5, 0.2M calcium acetate. The crystals were
prepared using the following method: 20°G, sitting drop, 15mg/ml polypeptide
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TABLE 16 Bioinformatic Analyses of UDP-N-acetylpyruvoylglucosamine reductase

from P. aeruginosa

TABLE 16 - UDP-N-acetylpyruvoylglucosamme reductase jfrom P. aeruginosa - SEO ID
NO: 67-SEQ ID NO: 70 ^

j

K^yjKj Category cell membrane biogenesis
|COG ID Number COG0812 ^

Is SEQ ID NO: 68 classified as an
ess^tial gene?

yes

Most closely related protein jBrcm PDB to
SEQ ID NO: 68

Uridine Diphospho-N-
Acetylenolpyruvylglucosa, (2mbr ) 1

Soxu-ce orgamsm tor closest PDB protein
to SEQ ID NO: 68

E. coli

e-value for closest PDB Protein to SEQ
ID NO: 68

2E-69

% Identity between SEQ ID NO: 68 and
the closest protem from PDB

45 ' H

% Positives between SEQ ID NO: 68 and
the closest protem from PDB

59

INnmber ofProtem Hits in the VGDB to

SEQ ID NO: 68
6

Nmnber ofMicroorganisms having
V \JU£> XllLb LO oJDV^ llJ iNvJ. Do

6

Microorganisms having VGDB Hits to
SEQ ID NO: 68^

ecoli nmen efae hinfhpyl paer

First predicted epitopic region ofSEQ ID
NO: 68: amino acid sequence, rank score,
amino acid residue numbers

SEQ ID NO: 73 :DGPVGVHAQQALVLVNH,
1.194,289->305

Second predicted epitopic region ofSEQ
ID NO: 68: amino acid sequence, rank
score, amino acid residue numbers

SEQ ID NO: 74 : VSRVICAIR, 1 . 1 83,21 6-

>224

Third predicted epitopic region ofSEQ
ID NO: 68: amino acid sequence, rank
score, amino acid residue numbers

SEQ ID NO: 75 : GLPLLVIG, 1.175,46->53

^Organisms are abbreviated as follows: ecoli = Eschericia coli; hpyl = Helicobacter

pylori; paer = Pseudomonas aeruginosa; ctra = Chlaydia trachomatis; hinf= Haemophilus

influenzae; nmen = Neisseria meningitidis; rpxx = Rickettsia prowazekii; hhm = Borrelia

burgdorferi; bsub = Bacillus subtilis; st^h = Staphylococcus aureus; spne = Streptococcus

pneumoniae; mgen = Mycoplasma genitalium; efae = Enterococcusfaecalis.

10
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Note: click oa the HI symbol Lo cheinoc colurnn format.

Mearaure^l Avg/ Coinpnted Error IHRcieridMcr. Missed
Ma r; ti t H > I ioilu Has&

3 3C^.a

1-127
ISr-S
lCi2
1 o'J i

17BS
1873
1501
1920
1977

.5.11? H 13<54.7.lt 0.1£ie

.563 M 1427. 7.Hf» D.17i

H lfeSJ.'?.ti29 -0.13:?
• BIO H I7fip. .a-lO 0.130
.87B M i87:< .

.t)(;,g O.dH^
M 1901.«i;.i 0.10:,

.877 U 19 20..9 53 -0.'.'>7i..

.094 11 1977.172 -O.O^ii
13 P
44

-Hi

21.)

270

IS'l

J

1
1

0

0

1.

1

1

1
1

EKLl>ni|AVLGJ'3AGS KFi'
QAFPDLVGYPQkDGP.LK
IVRpAFPDliVGVPQAIX^R

SUBSTITUTE SHEET (RULE 26)
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SEQ ID NO: 76

ATGAAATCAAGAGTAAAGGAAACGAGTATGGATAAAATTGTGGTTCAAGGTGGCGATA

ATCGTCTGGTAGGAAGCGTGACGATCGAGGGAGCAAAAAATGCAGTCTTACCCITGTrGGCAGC

GACTATTCTAGCAAGTGAAGGAAAGACCGTCTTGCAGAATGTTCCGATTTTGTCGGATGTCTrrA

TTATGAATCAGGTAGTTGGTGGTTTGAATGCCAAGGTTGACTTTGATGAGGAAGCTCATCTTGTC

AAGGTGGATGCTACTGGCGACATCACTGAGGAAGCCCCTTACAAGTATGTCAGCAAGATGCGCG

CCTCCATCGTTGTATTAGGGCCAATCCTTGCCCGTGTGGGTCATGCCAAGGTATCCATGCCAGGT

GGTTGTACGATTGGTAGCCGTCCTATTGATCTTCATTTGAAAGGTCTGGAAGCTATGGGGGITAA

GATTAGTCAGACAGCTGGTTACATCGAAGCCAAGGCAGAACGCTTGCATGGTGCTCATATCTAT

ATGGACTTTCCAAGTGTTGGTGCAACGCAGAACTTGATGATGGCAGCGACTCTGGCTGATGGGG

TGACAGTGATTGAGAATGCTGCGCGTGAG<XrrGAGATTOTTGACTTAGCCAlTCTGCTrAATGAA

ATGGGAGCCAAGGTCAAAGGTGCTGGTACAGAGACTATAACCATTACTGGTGTTOAGAAACTTC

ATGGTACGACTCACAATGTAGTCCAAGACCGTATCGAAGCAGGAACCTTTATCGTAGCTGCrGC

CATGACTGGTGGTGATGTCTTGATTCGAGACGCTGTCTGGGAGCACAACCGTCCCTTGATTGCCA

AGTTACTTGAAATGGGTGTTGAAGTAATTGAAGAAGACGAAGGAATTCGTGTTCGITCTCAACT

AGAAAATCTAAAAGCTGTTCATGTGAAAACCTTGCCCCACCCAGGATITCCAACAGATATGCAG

GCTCAATTTACAGCCTTGATGACAGTTGCAAAAGGCGAATCAACCATGGTGGAGACAGTTITCG

AAAATCGTTTCCAACACCTAGAAGAGATGCGCCGCATGGGCTTGCATTCTGAGAITATCCGTGAT

ACAGCTCGTATTGTTGGTGGACAGCCTTTGCAGGGAGCAGAAGTTCTTTCAACTGACCTTCGTGC

CAGTGCGGCCITGATTTTGACAGGTTTGGTAGCACAGGGAGAAACTGTGGTCGGTAAATTGGTTC

ACTTGGATAGAGGTTACTACGGTTTCCATGAGAAGTTGGCGCAGCTAGGTGCTAAGAITCAGCG
GATTGAGGCAAGTGATGAAGATGAATAA
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SEQ ID NO: 77

MKSRVKETSMDKTVVQGGDNRLVGSVTIEGAKNAVLPLLAATILASEGKTV

5 LQNVPILSDVFIMNQVVGGLNAKVDFDEEAHLVKVDATGDITEEAPYKYVSKMRA

SIVVLGPILARVGHAKVSMPGGCTIGSRPIDLHLKGLEAMGVKISQTAGYIEAKAER

LHGAHIYMDFPSVGATQNLMMAATLADGVTVIENAAREPEIVDLAILLNEMGAKV

KGAGTETITITGVEKLHGTTHNVVQDRIEAGTFMVAAAMTGGDVLIRDAVWEHNR

PLIAKLLEMGVEVIEEDEGIRVRSQLENLKAVHVKTLPHPGFPTDMQAQFTALMTV
10 AKGESTMVETWENRFQHLEEMRRMGLHSEinUDTAJEUVGGQPLQGAEVLSTDLRA

SAALILTGLVAQGETVVGKLVHLDRGYYGFHEKLAQLGAKIQRIEASDEDE-
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SEQ ID NO: 78

ATGAAATCAAGAGTAAAGGAAACGAGTATGGATAAAATTGTGGTTCAAGGTGCCGATA

ATCGTCTGGTAGGAAGCGTGACGATCGAGGGAGCAAAAAATGCAGTCTTACCCTTGTTGGCAGC

GACTATTCTAGCAAGTGAAGGAAAGACCGTCTTGCAGAATGTTCCGATTTTGTCGGATGTCTTTA

TTATGAATCAGGTAGTTGGTGGTTTGAATGCCAAGGTTGACTTTGATGAGGAAGCTCATCTTGTC

AAGGTGGATGCTACTGGCGACATCACTGAGGAAGCCCCTTACAAGTATGTCAGTAAGATGCGTG

CCTCCATCGTTGTATTATGGCCAATCCTTGCCCGTGTGGGTCATGCCAAGGTATCCATGCCAGGT

GGTTGTACGATTGGTAGCCGTCCTATTGATCTTCATTTGAAAGGTCrGGAAGCTATGGGGGTTAA

GATTAGTCAGACAGCTGGTTACATCGAAGCAAAGGCAGAACGCTTGCATGGTGCTCATATCTAT

ATGGACTTTCCAAGTGTTGGTGCAACGCAGAACrrGATGATGGCAGCGACTCTGGCTGATGGGG

TGACAGTGTTTGAGAATGCTGCGCGCGAGCCTGACATTGTTGACTTAGCCATTCTCCTTAATGAA

ATGGGAGCCAAGGTCAAAGGTGCrGGTACAGAGACTATAA<X:ATTACrGGTGTTGAGAAACTrc

ATGGTACGACTCACAATGTAGTCCAGGACCGTATTCAACCAGGAACCTTTATGGTAGCTGCTACC

ATGACTAATGGTGATGTCTTGATTCGAGACACTGTCTGGGAACACAACCGTCCCTTGATTGCCAA

GTTACnTGAAATGGGTGTTGAAGTAATTGAAGAAGACGAAGGAATTCGTGTTCGTTCTCAACTG

GAAAATCTAAAAGCTGTTCATGTGAAAACCITGCCCCACCCAGGATTTCCAACAGATATGCAGG

CrCAATTTACAGCCTTGATGACAGTTGCAAAAGGCGAATCACCCATGGTGGAGACAGTTTTTGA

AAATCGTTTCCAACACCTAGAAGAGATGCGCCGCATGGGCTTGCATTCTGAGATTATCCGTGATA

CAGCTCGTATTGTrGG^TGGACAGCCTTTGCAGGGAGCAGAAGTTCTTTCAACTGACCTTCGTGCC

AGTGCAGCCTTGATTTTGACAGGTTTGGTAGCACAGGGAGAAACTGTGGTCGGTAAATTGGTTC

ACTTGGATAGAGGTTACTACGGTTTCCATGAGAAGTTGGCGCAGCTAGGTGCTAAGATTCAGCG
GATTGAGGCAAGTGATGAAGATGAATAA



wo 03/087353
68/170

PCT/CA03/00481

FIGURE 66

SEQ ID NO: 79

MKSRVKETSMDKIWQGADNRLVGSVTIEGAKNAVLPLLAATILASEGKTV

5 LQNWILSDVFIMNQVVGGLNAKVDFDEEAHLVKVDATGDITEEAPYKYVSKMRA

SIVVLWPILARVGHAKVSMPGGCTIGSRPIDLHLKGLEAMGVKISQTAGYIEAKAER

LHGAfflYMDFPSVGATQNLMMAATLADGVTVFENAAREPDIVDLAILLNEMGAK

VKGAGTETITITGVEKLHGTTHNVVQDRIQPGTFMVAATMTNGDVLIRDTVWEHN

RPLIAKLLEMGVEVIEEDEGIRVRSQLENLKAVHVKTLPHPGFPTDMQAQFTALMT

10 VAKGESPMVETWENRFQHLEEMRRMGLHSEIIRDTARIVGGQPLQGAEVLSTDLR

ASAALILTGLVAQGETWGKLVHLDRGYYGFHEKLAQLGAKIQRIEASDEDE-



10
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SEQ ID NO: 80

Forward PCR Primer

GCGGCGGCCCATATGAAATCAAGAGTAAAGGAAAC

SEQ ID NO: 81

Reverse PCR Primer

GCGCGGATCCTTCATCTTCATCACTTGCCTC
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TABLE 17 Properties of UDP-N-acetylglucosamine l-carboxyvinyltransferase 1 from

S. pneamoniae

TABLE 17 ~ UDP-N-acetylglucosamine l-carboxyvinyltransferase 1 fromS.
pneumoniae - SEQ ID NO: 76-SEQ ID NO: 79
Meltmg temperature fC) ofSEQ ID NO: 80 (forward PGR
primer)

60

Restriction enzyme for SEQ ID NO: 80 (forward PGR primer) Ndel
Melting temperature ("G) ofSEQ ID NO: 81 (reverse PGR
primer)

60

Restriction enzyme for SEQ ID NO: 81 (reverse PGR primer) BamHI
Nxmiber ofnucleic acid residues in SEQ ID NO: 76 1311
Number ofamino acid residues in SEQ ID NO: 77 436
Number of different nucleic acid residues between SEQ ID NO:
76 and SEQ ID NO: 78

21

Number of different amino acid residues between SEQ ID NO:
77 and SEQ ID NO: 79

10

Galculated molecular weight ofSEQ ID NO: 77 polypeptide
(kDa)

46.915

Galculated pl ofSEQ ID NO: 77 polypeptide 5.4

Solubility ofSEQ ID NO: 79 polypeptide, determined as

described in EXAAIPLE 2 (with the His tag at the N-terminus)

Approximately two
thirds

Solubility ofSEQ ID NO: 79 polypeptide, determined as

described in EXAMPLE 2 (with the His tag at the G-terminus)

Approaching one
third

Amount ofpurified polypeptide having SEQ ID NO: 79,
prepared and purified as described in the Exemplification (mg/L
of culture). The polypeptide so expressed and purified is His
tagged and has the additional annino acid residues ofSEQ ID
NO: 1 at the N-terminus as described in EXAMPLE 6.

54.3

Amount ofpurified polypeptide having SEQ ID NO: 79 soluble

in buffer, as described in EXAMPLE 8 (mg/ml of buffer)
57.1

Z-score for the peptide fingerprint mapping analysis of
polypeptide having SEQ ID NO: 79, determined as describedm
EXAMPLE 9

3.50E-09

Number ofmatched peptides in the peptide fingerprint mapping
analysis ofpolypeptide having SEQ ID NO: 79, determined as

described in EXAMPLE 9

23

Minimum sequence coverage in the peptide fingerprint mapping
analysis ofpolypeptide having SEQ ID NO: 79, determined as

described in EXAMPLE 9

62%

Calculated molecular weight ofSEQ ID NO: 77 polypeptide
(Da), determined as described in EXAMPLE 10

48944

Experimental molecular weight ofSEQ ID NO: 79 polypeptide
(Da), determined as described in EXAMPLE 10

48925
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TABLE 17 ~ UDP-N-acetylglucosamine 1-carboxyvinyltransferase 1 fromi?.

piiemnomae SEQ ID NO: 76-SEQ ID NO: 79

Results of protein interaction study described in EXAMPLE 1 1, EXAMPLE 12,

EXAMPLE 13 and EXAMPLE 14. The identity of an interacting protein identified by
using at least one of the methods described in those examples is: 70 kDa luoidentified

protein.

Crystals of a polypeptide having the sequence of SEQ ID NO: 79, prepared and purified

as described above and having a His tag, are obtained using the following conditions:

30% PEG 1500. In addition, crystals of the same polypeptide may be prepared mrder the

following conditions: 30% PEG 1500, sodium cacodylate pH 6.5, 0.2M NaCl. Further,

crystals of the same polypeptide may be prepared under the following conditions: 20%
PEG 8000, sodium citrate pH 5.5, 0.2M magnesimii chloride. Fuiiher, ciystals of the

same polypeptide may be prepared under the following conditions: 30% PEG 4000,
sodium citrate pH 5.5, 0.2M anunonium acetate. Further, crystals of the same
polypeptide may be prepared rmder the following conditions: 30% PEG 4000, sodimn
cacodylate pH 6.5, 0.2M sodium acetate. The crystals were prepared using the following

method: 20 °C, sitting drop, 15mg/ml polypeptide.

Co-crystals of a polypeptide having the sequence ofSEQ ID NO: 79 and phospho enol

P3n:uvate kinase, are obtained using the following conditions: PEG 4000 30% , tri-sodium

citrate dihydrate O.IM pH 5.6 , ammonium acetate 0.2M, The concentration of the
polypeptide in the solution used to prepare the crystal was 1 5mg/ml and the concentration

of the ligand was 10 mM. The ciystals were prepared using the following method: 20 °C,

sitting drop. The subject crystallized polypeptide contains the His tag described above.

Co-crystals of a polypeptide having tlie sequence ofSEQ ID NO: 79 and uridme-5-

diphospho-N-acetyl-glucosamine sodium salt (UDPAG), are obtained using the following

conditions: PEG 4000 30% , tri-sodium citrate dihydrate O.IM pH 5.6 , ammonimn
acetate 0.2M, PEG 8000 18% , sodium cacodylate 0.1% pH 6.5, calcixmi acetate 0.2M.
The concentration of the polypeptide in the solution used to prepare the crystal was 15

mg/mL and the concentration of the ligand was 10 mM. The crystals were prepared

using the following method: 20 ^C, sitting drop. The subject crystallized polypeptide

contains the His tag described above.

SUBSTITUTE SHEET (RULE 26)
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TABLE 18 Bioinformatic Analyses of UDP-N-acetylglucosamine 1-

carboxyvinyltransferase 1 from S. pneumoniae

TABLE 18 — UDP-N-acetylglucosamine 1-carboxyvinyltransferase 1 from S. pneumoniae -

- SEQ ID NO: 76-SEQ ID NO: 79

COG Category cell membrane biogenesis

COG ID Number COG0766
Is SEQ ID NO: 77 classified as an

essential gene?

yes

Most closely related protein from PDB
to SEQ ID NO: 77

Udp-N-Acetylglucosamine 1- Carboxyvinylt,

(leyn_A)

Source organism for closest PDB
protein to SEQ ID NO: 77

E. cloacae

e-value for closestPDB Protein to SEQ
ID NO: 77

lE-109

% Identity between SEQ ID NO: 77 and
the closest protein from PDB

50

% Positives between SEQ ID NO: 77
and the closest protein from PDB

65

Number of Protein Hits in the VGDB to

SEQ ID NO: 77

16

Number of Microorganisms having

VGDB Hits to SEQ ID NO: 77
12

Microorganisms having VGDB Hits to

SEQ ID NO: 77^
ecoli nmen bbur saur rpro efae

ctra bsub hinf spne hpyl paer

First predicted epitopic region of SEQ
ID NO: 77: amino acid sequence, rank

score, amino acid residue nxmibers

SEQ ID NO: 82 : ASIVVLGPILARVGHAKVS,
1.194,106->124

Second predicted epitopic region of

SEQ ID NO: 77: amino acid sequence,

rank score, amino acid residue numbers

SEQ ID NO: 83 : NAVLPLLAATILAS,
1.189,33->46

Third predicted epitopic region ofSEQ
ID NO: 77: amino acid sequence, rank

score, amino acid residue numbers

SEQ ID NO: 84 :RASAALILTGLVAQGETW-
GKLVHLDRG,1 . 1 87,384->41

1

5 Organisms are abbreviated as follows: ecoli = Eschericia coli; hpyl = Helicobacter

pylori; paer = Pseudomonas aeruginosa; ctra == Chlaydia trachomatis; hinf= Haemophilus

influenzae; nmen = Neisseria meningitidis; rpxx = Rickettsia prowazekii; bbur = Borrelia

burgdorferi; bsub = Bacillus subtilis; staph == Staphylococcus aureus; spne = Streptococcus
0

pneumoniae; mgen = Mycoplasma genitalium; efae = Enterococcusfaecalis

.

10
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SEQ ID NO: 85

GTGGAAAATAGATACGCAATTATTTTAGCAGCTGGTAAAGGAACACGCATGA^

5 ACTTTATAAAGTATTGCATCCAGTTGCTGGTAAACCAATGGTCGAACATAT^

AACAAACAGAACCAACAGAAATCGTGACAATCGTTGGACATGGGGCGGAAATGATTAAAAG

ATTTAGGCGAACGTAGTCAATATGCCTTACAAGCTGAACAATTGGGAACTGGGCATGCAGTCAT

GCAAGCACAAGAGTTATTAGGTGGTAAACAAGGAACAACATTAGTTATTACAGGGGATACGCCG

TTATTAACTGCGGAAACCTTGAAAAATTTATTCGATTACCATC^
10 CTATTTTAACAGCGCATGCGGAAGACCCAACAGGCTATGGTCGAATTAT^

ATTGTTGAACGAATCGTGGAACAAAAAGATGCCAGTGAAGAAGAAGCACGTGTTCAAG

AATACAGGAACCTTCTGTTTTGATAATGAATCATTGTTTGAAGCGTTAGCGA

ACAATACACAAGGGGAATACTATTTAACAGATATCATTGAAATTTTGA

TGTCGCTGCTTACCAAATGGCAGACTTTGACGAAGCAATGGGTGTAAATO
15 CCACTGCTAATAAAATTATGCATCGTCGTTTAAATGAAATGCATATGCGA^

ATTGATCCAGACACAACGTATATTGATGAAGGCGTGGTAATTGGTTCAGACACAGTCATTGA^

CGGGAGTCACTATCAAAGGAAAAACAGTGATTGGCGAAGATTGCTTGATTGGCGCACAT^^

AATCGTTGATAGTCACATCGGCAATCAAGTGGTTGTTAAACAGTCTGTGATTGAAGAAAGTO

GTTCACGAGGGGGCCGATGTGGGTCCGTATGCACATTTACGTCCTAAAGCAGATGTGGGGGCAA
20 ACGTACACATTGGTAACTTCGTGGAAGTAAAAAATGCAACAATCGATGAAGGCACAA^

GCCATTTAACATACGTTGGTGATGCAACATTAGGCAAAGATATTAATGTCGGTTG

TTTGTTAATTATGATGGCAAAAATAAACACCAAACAATCGTGGGTGATCACGCT^

TGCAACGAACATTGTTGCGCCAGTCACGATTGGTGATCATGCGGTGACTGCTGCTGGTTCAACCA

TCACAGAAGATGTCCCTTCAGAAGATTTGGCGATTGCCCGGGCACGTCAAGTGAATAAAGAAGG
25 CTATGCTAAAAAGTTACCTTATATGAAGGAT

4
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SEQ ID NO: 86

VENRYAIILAAGKGTRMKSKLYKVLHPVAGKPMVEHILDQVEQTEPTEIVTI

5 VGHGAEMIKSHLGERSQYALQAEQLGTGHAVMQAQELLGGKQGTTLVITGDTPLL

TAETLKNLFDYHQGKNASATILTAHAEDPTGYGRIIRDHVGIVERIVEQKDASEEEA

RVQEINTGTFCFDNESLFEALAKTDTNNTQGEYYLTDnEILKKEGKAVAAYQMAD
FDEAMGVJSTORVALSTAJSKIMHRRLNEMHMRNGVTFro^

AGVTIKGKTVIGEDCLIGAHSEIVDSHIGNQVVVKQSVIEESWHEGADVGPYAHLR

0 PKADVGANVHIGNFVEVKNATIDEGTKVGHLTYVGDATLGKDINVGCGVVFVNY

DGKN^QTIVGDHAFIGSATNIVAPVTIGDHAVTAAGSTITEDVPSEDLAIARARQV
NKEGYAKKLPYMKD
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SEQ ID NO: 87

GTGGAAAATAGATACGCAATTATTTTAGCAGCTGGTAAAGGAACACGCATGAAATCT

5 ACTTTATAAAGTATTGCATCCAGTTGCTGGTAAACCAATGGTCGAACATATTT^

AACAAACAGAACCAACAGAAATCGTGACAATCGTTGGACATGGGGCGGAAATGATTAAi^

ATTTAGGCGAACGTAGTCAATATGCCTTACAAGCTGAACAATTGGGAACTGGGCATGCAGTCAT

GCAAGCACAAGAGTTATTAGGTGGTAAACAAGGAACAACATTAGTTATTACAGGGGATACGCC^

TTATTAACTGCGGAAACCTTGAAAAATTTATTCGATTACCATCAAGGTA^

10 CTATTTTAACAGCGCATGCGGAAGACCCAACAGGCTATGGTCGAATTAT^^

ATTGTTGAACGAATCGTGGAACAAAAAGATGCCAGTGAAGAAGAAGCACGTGGTCCAG

AATACAGGAACCTTCTGTTTTGATAATGAATCATTGGTTGAAGCGGTAGCGA^

ACCATACCCAGGGGGAATACTATTTAACAGATATCATTGAAATTCT

TGTCGCTGCTTACCAAATGGCAGACTTTGACGAAGCAATGGGTGTAAATGATCGTGTTG

1 5 CCACTGCTAATAAAATTATGCATCGTCGTTTAAATGAAATGCATATGCGAA^

ATTGATCCAGACACAACGTATATTGATGAAGGCGTGGTAATTGGTTCAGACACAGTCAT^

CGGGAGTCACTATCAAAGGAAAAACAGTGATTGGCGAAGATTGCTTGATTGGCGCACAT^

AATCGTTGATAGTCACATCGGCAATCAAGTGGTTGTTAAACAGTCTGTGATTGAAGAAAGTG

GTTCACGAGGGGGCCGATGTGGGTCCGTATGCACATTTACGTCCTAAAGCAGATGTGGGGGCAA

20 ACGTACACATTGGTAACTTCGTGGAAGTAAAAAATGCAACAATCGATGAAGGCACA^^

GCCATTTAACATACGTTGGTGATGCAACATTAGGCAAAGATATTAATGTCGG^^

TTTGTTAATTATGATGGCAAAAATAAACACCAAACAATCGTGGGT^

TGCAACGAACATTGTTGCGCCAGTCACGATTGGTGATCATGCGGTGACTGCTGCTGGTTCAACCA

TCACAGAAGATGTCCCITCAGAAGATTTGGCGATTGCCCGGGCACGTCAAGTGAAT^^

25 CTATGCTAAAAAGTTACCTTATATGAAGGAT
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SEQ ID NO: 88

VENRYAIILAAGKGTRMKSKLYKVLHPVAGKPMVEHILDQVEQTEPTEIVTI

VGHGAEMIKSHLGERSQYALQAEQLGTGHAVMQAQELLGGKQGTTLVITGDTPLL

TAETLKNLFDYHQGKNASATILTAHAEDPTGYGRIIRDHVGIVERIVEQKDASEEEA

RGPEmTGTFCFDNESLVEAVAKTDTNHTQGEYYLTDIIEILKKEGKAVAAYQMAD

FDEAMGVNDRVALSTANKJMHRRLNElSfflMimGVTFroPDTTYIDEG

AGYTIKGKTVIGEDCLIGAHSEIVDSHIGNQWVKQSVffiESVVHEGADVGPYAHLR

PKADVGAlSrVHIGNFVEVKNATTOEGTKVGHLTYVGDATLGKDIlWGCGVV

DGKNKHQTIVGDHAFIGSATNWAPVTIGDHAVTAAGSTITEDWSEDLAIARARQV

NECBGYAKKLPYMKD
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SEQ ID NO: 89

Forward PGR Primer

CGCGGGGTACCATGGAAAATAGATACGCAATTATTTTAG

I

SEQ ID NO: 90

Reverse PGR Primer

GGGGGGATGGGTTGATATAAGGTAAGTTTTTAG
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TABLE 19 Properties of UDP-N-acetylglucosamine pyrophosphorylase from E.

faecaUs

TABLE 19 ~ UDP-N-acetylglucosamine pyrophosphorylase from E.faecalis — SEQ ID
NO: 85-SEQ ID NO: 88

Melting temperature ("C) ofSEQ ID NO: 89 (forward PGR
primer)

70

Restriction enzyme for SEO ID NO: 89 (forward PGR primer) Kpnl
Melting temperature ("G) ofSEQ ID NO: 90 (reverse PGR
primer)^» ^^^^^^^^

58

Restriction enzyme for SEQ ID NO: 90 (reverse PGR primer) BamHI
Number of nucleic acid residues in SEO ID NO: 85 1374

Nxmiber of amino acid residues in SEQ ID NO: 86 458

Number of different nucleic acid residues between SEQ ID NO:
85 and SEQ ID NO: 87

8

Number of different amino acid residues between SEQ ID NO:
86 and SEO ID NO* 88

6

Calculated molecular weight ofSEQ ID NO: 86 polypeptide 49,479

Calculated pi ofSEQ ID NO: 86 polypeptide 5.0

Solubility ofSEQ ID NO: 88 polypeptide, determined as

de53cribed*in T-^^X^AlVrPI^E 2 (^witb tbe TTis taff at tbe N-terminus^

Approaching 100%

Solubility of SEQ ID NO: 88 polypeptide, determined as

described in EXAMPLE 2 (with the His tag at the C-termiuus)

Approaching 100%

Amount of* nnrifi<=*r! "nnlvr^R'ntirlf^ liJiviriO' SlT-?.0 TD TsTO*

prepared and purified as described in the Exemplification (mg/L
of culture). The polypeptide so expressed and purified is His

ta^^ed and has the additional amino acid residues ofSEO ID
NO: 1 at the N-terminus as described in EXAMPLE 6.

71 2

Amount ofnurified nolvoentide havine SEO ID NO: 88 soluble

in buffer, as described in EXAMPLE 8 (mg/ml ofbuffer)

35,6

Z-score for the peptide fingerprint mapping analysis of

polypeptide having SEQ ID NO: 88, determined as described in

EXAMPLE 9

3.9E-07

Number ofmatched peptides in the peptide fingerprint mapping
analysis ofpolypeptide having SEQ ID NO: 88, detemiined as

described in EXAMPLE 9

15

Minimum sequence coverage in the peptide fingerprint mapping
analysis ofpolypeptide having SEQ ID NO: 88, determined as

described in EXAMPLE 9

41%

Calculated molecular weight ofSEQ ID NO: 86 polypeptide

(Da), determined as described in EXAMPLE 10

51511

Experimental molecular weight ofSEQ ID NO: 88 polypeptide

(Da), determined as described in EXAMPLE 10

51800
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TABLE 19 - UDP-N-acetylglucosamine pyi'ophosphorylase firom E. faecalis - SEQ ED

NO: 85-SEQ ID NO: 88

Results of protein interaction study described in EXAMPLE 1 1, EXAMPLE 12,

EXAMPLE 13 and EXAMPLE 14. No interacting proteins were observed by using at

least one of the mfethods described in those examples.

SUBSTITUTE SHEET (RULE 28)
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TABLE 20 Bioinformatic Analyses of UDP-N-acetylglucosamine pyrophosphorylase

from E. faecalis

TABLE 20 — UDP-N-acetylglucosamine pyrophosphorylase from E. faecalis — SEQ ID

NO: 85-SEQ ID NO: 88

COG Category cell membrane biogenesis

COG ID Number COG1207
Is SEQ ID NO: 86 classified as an essential gene? yes

Most closely related protein from PDB to SEQ ID
NO: 86

N-Acetylglucosamine- 1-Phosphate

Uridyltransf, (lg97_A)

Source organism for closest PDB protein to SEQ
ID NO: 86

S, pneumoniae

e-value for closest PDB Protein to SEQ ID NO: 86 lE-147

% Identity between SEQ ID NO: 86 and the closest

protein from PDB
54

% Positives between SEQ ID NO: 86 and the

closest protein from PDB
73

Number ofProtein Hits in the VGDB to SEQ ID
NO: 86

9

Number ofMicroorganisms having VGDB Hits to

SEQ ID NO: 86

9

Microorganisms having VGDB Hits to SEQ ID

NO: 86^

ecoh nmen sa\ir efae spne

hinfbsub hpyl paer

First predicted epitopic region of SEQ ID NO: 86:

amino acid sequence, rank score, amino acid

residue numbers

SEQ ID NO: 91 :GNQVVVKQSVIE-
ESWHEGA, 1.213, 305->324

Second predicted epitopic region ofSEQ ID NO:
86: amino acid sequence, rank score, amino acid

residue numbers

SEQ ID NO: 92 : NVGCGWFVNY,
1.200, 377->387

Third predicted epitopic region of SEQ ID NO: 86:

amino acid sequence, rank score, amino acid

residue numbers

SEQ ID NO: 93 :

KLYKVLHPVAGK, 1.182, 20->31

5 Organisms are abbreviated as follows: ecoli = Eschericia coli; hpyl ~ Helicobacter

pylori; ipa,or — Pseudomonas aeruginosa; ctra= Chlaydia trachomatis; hinf= Haemophilus

influenzae; nmen = Neisseria meningitidis; rpxx = Rickettsia prowazekii; bbur = Borrelia

burgdorferi; bsub = Bacillus subtilis; staph = Staphylococcus aureus; spne = Streptococcus

pneumoniae; mgen = Mycoplasma genitalium; efae = Enterococcusfaecalis,

10
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YAII-LAAGK

KLFbyiiQGic
YAIiri^vAGKGTR
IIRDHVGIVER
VGHLTy.VGDATiiGK
ADVGAKVHIGlNrirVEVK
KASATI LTAI-IAEDPTGYGR
AVAAYQr.lADPDEAI^IGV1<IDR
TDTHNTQGEYYLTDIIEILK
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TDTWNTQGEYYLTDI lEILKK
QSVIEESVVHEGADVGPYAHLRPK
SQYALaAEQLGTGHAVMQAOELLGGK

SUBSTITUTE SHEET (RULE 26)
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SEQ ID NO: 94

85/170
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ATGAAAAAAATAACAACCTATCAAAACAAAAAAGTGTTGGTTTTAGGACTAGCTAAAA

GTGGTGTCAGCGCAGCGAAACTCTTACATGAGTTAGGTGCGCTCGTTACCGTTAATGACGCAAA

ACAATTTGATCAAAACCCTGACGCCCAAGATTTATTAACCTTGGGTArrCGTGTTGTrACAGGGG

GGCATCCAATTGAATTGTTGGATGAAGAATTTGAACTAATCGTTAAAAATCCTGGTATrCCTTAT

ACAAATCCACTTGTGGCAGAAGCACTAACTCGGAAAATTCCTATCATAACTGAGGTGGAATTAG

CAGGTCAAATTGCCGAATGTCCAATTGTCGGCATTACGGGCACCAATGGTAAAACAACCACGAC

CACGATGATTQGTTTACTGCTAAACGCTGACAGAACGGCTGGTGAGGCACGTTTGGCGGGAAAT

ATTGGTTTTCCAGCGAGTACGGTGQCTCAAGAAGCAACGGCCAAGGATAATCTTGTGATGGAAC

TTTCTAGTTTTCAGTTAATGGGAATTGAGACGTTTCACCCACAAATTGCAGTAATTACAAATATT

TITGAGGCACACITGGATTATCATGGTTCWCGGAAAGAATATGTTGCTGCAAAATGGGCCATTCA

AAAAAACATGACCGC^GAGGACACCTTGATTTTAAATTGGAATCAAGTAGAGCTTCAAACGTTA

GCCAAAACCACAGCTGCCAACGTATTGCCTTTTTCAACGAAAGAAGCAGTAGAAQGGGCITATC

TTTTAGATGGGAAATTATATTTCAATGAAGAATATATTATGCCCGCCGATGAGCTAGGGATTCCT

GGC^GTCACAATATTGAAAATGCACTCGCAGCGATTTGTGTAGCTAAATTAAAAAATGTATCGA

ATGCTCAGATTAGACAAACTTTOACAAACTTTTCAGGCGTTCCTCATCGAACGCAATTTGTTGGC

GAAGTTCAGCAAAGACGTTTTTATAACGATTCAAAAGCAACCAATATTITAGCTACAGAGATGG

CGTTAAGTGGGTTTGACAACCAAAAGCTACTTTTACTTGCGGGTGGCTTGGATCGCGGTAACTCA

TTTGATGAATTGGTTCCTGCCCTGTTGGGACTCAAAGCAATrGTTTrGTITGGAGAAACCAAAGA

AAAATTGGCGGAAGCTGCTAAAAAAGCGAACATTGAAACAATITrAlTTGCTGAAAATGTTCAA

ACGGCGGTTACCATTGCCTTTGATTATTCGGAAAAAGATGATACTATTTTACTATCACCTGCTTG

CGCAAGTTGGGACCAATACCCGAATTTTGAAGTACGCGGGGAAGCCrTTATGCAAGCTGTTCAA
CAATTAAAAGAAAGTGAAATG

I
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SEQ ID NO: 95

MKKITTYQNKKVLVLGLAKSGVSAAiCLLHELGALVTVNDAKQFDQNPDA

QDLLTLGIRWTGGHPIELLDEEFELIVKNPGIPYTNPLVAEALTRKIPnTEVELAGQI

AECPIVGITGTNGKTTTTTMIGLLLNADRTAGEARLAGNIGFPASTVAQEATAKDN

LVIVELSSFQLMGIETFHPQIAVITNIFEAHIJDYHGSRKEYVAAKWAIQKN^

LILNWNQVELQTLAKTTAANVLPFSTKEAVEGAYLLDGKLYFNEEYIMPADELGIP

GSHNIENALAAICVAia.KNVSNAQmQTLTNFSGWHRTQFVGEVQQRRFYND

TimATEMALSGFDNQKLLLLAGGLDRGNSFDELVPALLGLKAIVLFGETKEKLAE

AAKKANIETILFAENVQTAVTIAFDYSEKDDTILLSPACASWDQYPNFEVRGEAFM
QAVQQLKESEM
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SEQ ID NO: 96

ATGAAAAAAATAACAACCTATCAAAACAAAAAAGTGTTGGTTI^

5 GTGGTGTCAGCGCAGTTAGACTCTTACATGAGTTAGGTGCGCTCGTTACCGTTAATGACGCi^^

CAATTTGATCAAAACCCTGACGCCCAAGATTTATTAACCTTGGGTAT^

GCATCCAATTGAATTGTTGGATGAAGAATTTGAACTAATCGTTAA

CAAATCCACTTGTGGCAGAAGCGCTAACTCGGAAAATTCCTATCATAACTGAGGTGGAATTAGC

AGGGCAGATTGCCGAATGTCCAATTGTCGGCATTACGGGCACCAATGGTAAAGCAACCACGAGC
10 ACGATGATTGGATTACTGCTAAACGCTGACAGAACGGCTGGTGAGGCACGT^

TTGGTTTTCCAGCGAGTACGGTGGCTCAAGAAGCAACGGCCAAGGATAATCTTGT^

TTCTAGTTTTCAGTTAATGGGAATTGAGACGTTTCACCCACAA^
«

TTGAGGCACACTTGGATTATCATGGTTCGCGGAAAGAATATGTTGCTGCAAAATGGGCCAT^

AAAAAACATGACCGCAGAGGACACCTTGATTTTAAATTGGAAT^
1 5 GCCAAAACCACAGCTGCCAACGTAGTGCCTTTTTCAACGAAAGAAGCAGT^

TTTTAGATGGGAAATTATATTTCAATGAAGAATATATTATGCCCGCCGA

GGCAGTCACAATATTGAAAATGCACTCGCAGCGATTTGTGTAGCTAAATTAAA^

ATGCTCAGATTAGACAAACTTTGACAAACTTTTCAGGCGTTCCTCA

GAAGTTCAGCAAAGACGTTTTTATAACGATTCAAAAGCAACCAA

20 CGTTAAGTGGGTTTGACAACCAAAAGCTACIl^

TTTGATGAATTGGTTCCTGCCCTGTTGGGACTCAAAGCAATTGTT^

AAAATTGGCGGAAGCTGCTAAAAAAGCGAACATTGAAACAATT^

ACGGCGGTTACCATTGCCTTTGATTATTCGGAAAAAGATGATACTATTCT

CGCAAGTTGGGACCAATACCCGAATTTTGAAGTACGCGGGGAAGCCTTTATGCAAGCTC
25 CAATTAAAAGAAAGTGAAATG
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SEQ ID NO: 97

MKKITTYQNKKVLVLGLAKSGVSAVRLLHELGALVTVNDAKQFDQNPDA

5 QDLLTLGIRVVTGGHPIELLDEEFELIVKNPGIPYTNPLVAEALTRKIPnTEVELAGQI

AECPIVGITGTNGKATTSTMIGLLLNADRTAGEARLAGNIGFPASTVAQEATAKDN

LVMELSSFQLMGIETFHPQIAVITNIFEAHLDYHGSRKEWAAKWALQiaSIMTAEDT

LILNWQVELQTLAKTTAAfWVPFSTKEAVEGAYLIJDGKLYFNEEYIMPADELGIP

GSHMENALAAICVAia.K]SrVSNAQIRQTLTNFSGWmTQFVGEVQQRRFYNDSKA

10 TNILATEMALSGFDNQKLLLLAGGLDRGNSFDELVPALLGLKAIVLFGETKEKLAE

AAKKANIETILFAENVQTAVTIAFDYSEKDDTILLSPACASWDQYPNFEVRGEAFM

QAVQQLKESEM
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SEQ ID NO: 98

Forward PGR Primer

GCGGCGGCCCATATGAAAAAAATAACAACCTATCAAAAC

SEQ ID NO: 99

Reverse PGR Primer

GGGGGGATGGTTCAGTTTCTTTTAATTGTTGAAG
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TABLE 21 Properties of UDP-N-acetylmuramoylalanine—D-glutamate ligase from E.

faecalis

TABLE 21 — UDP-N"acetylmuramoylalanine---D--glutamate ligase from E.faecalis —
SEQ ID NO: 94-SEQ ID NO: 97
Melting temperature CC) ofSEQ ID NO: 98 (forward PGR
primer)

66

Restriction en^syme for SEQ ID NO: 98 (forward PGR primer) Ndel
Melting temperature C^C) ofSEQ ID NO: 99 (reverse PGR
primer)

60

Restriction enzyme for SEQ ID NO: 99 (reverse PGR primer) Bamm
Number ofnucleic acid residues in SEQ ID NO: 94 1368
Number of amino acid residues in SEQ ID NO: 95 456
Number of different nucleic acid residues between SEQ ID NO:
94 and SEQ ID NO: 96

10

Nxmiber of different amino acid residues between SEQ ID NO:
95 and SEQ ID NO: 97

5

Galculated molecular weight ofSEQ ID NO: 95 polypeptide

(kDa)
49.698

Galculated pi ofSEQ ID NO: 95 polypeptide 4.7

Solubility ofSEQ ID NO: 97 polypeptide, determined as

described in EXAMPLE 2 (with the His tag at the N-terminus)

Approaching 100%

Solubility ofSEQ ID NO: 97 polypeptide, determined as

described in EXAMPLE 2 (with the His tag at the G-terminus)

Less than one third

Amount ofpurified polypeptide having SEQ ID NO: 97,

prepared aad purified as described in the Exemplification (mg/L
of culture). The polypeptide so expressed and purified is His
tagged and has the additional amino acid residues ofSEO ID
NO: 1 at the N-terminus as described in EXAMPLE 6.

32.07

Amount of purified polypeptide having SEQ ID NO: 97 soluble

in buffer, as described in EXAMPLE 8 (mg/ml ofbuffer)
43.62

Z-score for the peptide fingerprint mapping analysis of
polypeptide having SEQ ID NO: 97, determined as described in

EXAMPLE 9

2.80E-07

Number ofmatched peptides in the peptide fingerprint mapping
analysis ofpolypeptide having SEQ ID NO: 97, determined as

described in EXAMPLE 9

23

Minimum sequence coverage in the peptide fingerprint mapping
analysis ofpolypeptide having SEQ ID NO: 97, determined as

described in EXAMPLE 9

57%

Calculated molecular weight ofSEQ ID NO: 95 polypeptide

(Da), determined as described in EXAMPLE 10

51729

Experimental molecular weight ofSEQ ID NO: 97 polypeptide
(Da), determined as described in EXAMPLE 10

51696
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TABLE 2 1 — UDP-N-acetylmm*aiiaoylalaiame---D--glutamate ligase fi^om faecalis —
SBQ ID NO: 94^SEQ ID NO: 97
Results of proteiii interaction study described in EXAMPLE 11, EXAMPLE 12,

EXAMPLE 13 and EXAMPLE 14. No interacting proteins were observed by using at

least one of the methods described in those examples.

Ciystals of a polypeptide having the sequence ofSEQ ID NO: 97, prepared and purified
as described above and having a His tag, are obtained using the following conditions:

10% PEG 8000, O.IM TRIS-HCl pH 8.5. The ciystals were prepared using the following
method: 4°C, sitting drop, 15mg/ml polypeptide.

Co-crystals of a polypeptide having the sequence ofSEQ ID NO: 97 and ADP, are
obtained using the following conditions: 30% PEG 4000, 0.1m TRIS-HCl pH 8.5, 0.2M
litliium sulfate or 1.4M sodium citrate, O.IM HEPES pH 7.5 or L4M sodium citrate,

TRIS-HCl pH 8.5. The concentration of the polypeptide in the solution used to prepare
the crystal was 5.2 to 15 mg/mL and the concentration of the ligand was 5mm or 10mm.
The crystals were prepared using the following method: 20°C, sitting drop. The subject
crystallized polypeptide contains the His tag described above.

SUBSTITUTE SHEET (RULE 26)
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TABLE 22 Bioinformatic Analyses of UDP-N-acetylmuramoylalanine—D-glutamate

ligase from E. faecalis

TABLE 22 ~ UDP-N-acetylmuramoylalanine~D-glutamate ligase from E. faecalis — SEQ
ID NO: 94-SEQ ID NO: 97

COG Category cell membrane biogenesis

Is SEQ ID NO: 5 classified as an

essential gene?

yes

Most closely related protein from PDB
to SEQ ID NO: 95

Udp-N-Acetylmuramoyl-L-Alanine: D-
Glutamate, (leeh_A)

Source organism for closest PDB protein

to SEQ ID NO: 95
E, coli

e-value for closest PDB Protein to SEQ
ID NO: 95

4]E"47

% Identity between SEQ ID NO: 95 and
the closest protein from PDB

32

% Positives between SEQ ID NO: 95
and the closest protein from PDB

48

Number ofProtein Hits in the VGDB to

SEQ ID NO: 95

12

Number ofMicroorganisms having

VGDB Hits to SEQ ID NO: 95

12

Microorganisms having VGDB Hits to

SEQ ID NO: 95^
ecoli nmen bbur saur rpro efae

ctra hinfbsub spne hpyl paer

First predicted epitopic region ofSEQ ID
NO: 95: amino acid sequence, rank

score, amino acid residue numbers

SEQ ID NO: 100 :NKKVLVLGLAKSGVSAA-
KLLHELGALVTVN, 1.208, 9->38

Second predicted epitopic region of SEQ
ID NO: 95: amino acid sequence, rank

score, amino acid residue numbers

SEQ ID NO: 101 : ALAAICVAKLKNV,
1.198, 285->297

Third predicted epitopic region ofSEQ
ID NO: 95: amino acid sequence, rank

score, amino acid residue numbers

SEQ ID NO: 102 : TILLSPACASWD, 1.172,

421->432

5 Organisms are abbreviated as follows: ecoli = Eschericia coli; hpyl = Helicobacter

pylori; paer = Pseudomonas aeruginosa; ctra = Chlaydia trachomatis; hinf

=

Haemophilus

influenzae; imien = Neisseria meningitidis; rpxx = Rickettsia prowazekii; bbur = Borrelia

burgdorferi; bsub == Bacillus subtilis; staph == Staphylococcus aureus; spne = Streptococcus

pneumoniae; vcigcn — Mycoplasma genitalium; efae == Enterococcusfaecalis.
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SEQIDNO: 103

ATGAATACACAACAATTGGCAAAACTGCGTTCCATCGTGCCCGAAATGCGTCGCGTTCG

GCACATACATTTTGTCGGCATTGGTGGTGCCGGTATGGGCGGTATTGCCGAAGTTCTGGCCAATG

AAGGTTATCAGATCAGTGGTTCCGATTTAGCGCCAAATCCGGTCACGCAGCAGTTAATGAATCTG

GGTGCGACGATTTATTTCAACCATCGCCCGGAAAACGTACGTGATGCCAGCGTGGTCGTTGTTTC

CAGCGCGATTTCTGCCGATAACCCGGAAATTGTCGCCGCTCATGAAGCGCGTATTCCGGTGATCC

GTCGTGCCGAAATGCTGGCTGAGTTAATGCGTTTTCGTCATGGCATCGCCATTGCCGGAACGCAC

GGCAAAACGACAACCACCGCGATGGTTTCCAGCATCTACGCAGAAGCGGGGCTCGACCCAACCT

TCGTTAACGGCGGGCTGGTAAAAGCGGCGGGGGTTCATGCGCGTTTGGGGCATGGTCGGTACCT

GATTGCCGAAGCAGATGAGAGTGATGCATCGTTCCTGCATCTGCAACCGATGGTGGCGATTGTC

ACCAATATCGAAGCCGACCACATGGATACCTACCAGGGCGACTTTGAGAATTTAAAACAGACTT

TTATTAATTTTCTGCACAACCTGCCGTTTTACGGTCGTGCGGTGATOTGTGTTGATGATCCGGT^

TCCGCGAATTGTTACCGCGAGTGGGGCGTCAGACCACGACTTACGGCTTCAGCGAAGATGCCGA

CGTGCGTGTAGAAGATTATCAGCAGATTGGCCCGCAGGGGCACTTTACGCTGCTGCGCCAGGAC

AAAGAGCCGATGCGCGTCACCCTGAATGCGCCAGGTCGTCATAACGCGCTGAACGCCGCAGCTG

CGGTTGCGGTTGCrACGGAAGAGGGCATTGACGACGAGGCTATTTTGCGGGCGCTTGAAAGCTT

CCAGGGGACTGGTCGCCGTTITGATTTCCTCGGTGAATTCCCGCTGGAGCCAGTGAATGGTAA

GCGGTACGGCAATGCTGGTCGATGACTACGGCCACCACCCGACGGAAGTGGACGCCACCATTAA

agcggcgcgcgcaggctggccggataaaaacctggtaatgctgtttcagccgcacx;gttttacc

CGTACGCGCGACCTGTATGATGATTTCGCCAATGTGCTGACGCAGGTTGATACCCTGTTGATGCT

ggaagtgtatccggctggcgaagcgccaattccgggagcggacagccgttcgctgtgtcgcaca

ATTCGTGGACGTGGGAAAATTGATCCCATTCTGGTGCCGGATCCGGCGCGGGTAGCCGAGATGC

tggcaccggtattaaccggtaacgacctgattctcgttcagggggctggtaatattggaaaaatt

GCCCGTTCTTTAGCTGAAATCAAACTGAAGCCGCAAACTCCGGAGGAAGAACAACATGACTGA
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SEQIDNO: 104

MNTQQLAKLRSIVPEMRRVRHIHFVGIGGAGMGGIAEVLANEGYQISGSDL

5 APNPVTQQLMNLGATIYFNHRPENVRDASVVVVSSAISADNPEIVAAHEARIPVIRR

AEMLAELMRFRHGIAIAGTHGKTTTTAMVSSIYAEAGLDPTFVNGGLVKAAGVHA

RLGHGRYLIAEADESDASFLHLQPMVAWTNIEADHMDTYQGDFENLKQTFINFLH

NLPFYGRAVMCVDDPVIRELLPRVGRQTTTYGFSEDADVRVEDYQQIGPQGHFTLL

RQDB^EPMRVTLNAPGRHNALNAAAAVAVATEEGIDDEAILRALESFQGTGRRFDF
10 LGEFPLEPVNGKSGTAMLVDDYGHHPTEVDATIKAARAGWPDKM.VMLFQPHRF

TRTRDLYDDFANVLTQVDTLLMLEVYPAGEAPIPGADSRSLCRTIRGRGKIDPILVP

DPARVAEMIAPVLTGNDLILVQGAGMGKIARSLAEIKLKPQTPEEEQHD-
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SEQIDNO: 105

ATGAATACACAACAATTGGCAAAACTGCGTTCCATCGTGCCCGAAATGCGTCGCGTTCG

5 GCACATACATTTTGTCGGCATTGGTGGTGCCGGTATGGGCGGTATTGCCGAAGTTCTGG^

AAGGTTATCAGATCAGTGGTTCCGATTTAGCGCCAAATCCGGTCACGCAGCAGTTAATGi^

GGTGCGACGATTTATTTCAACCATCGCCCGGAAAACGTACGTGATGCCAGCGTGGTCGI^

GAGAGCGATTTCTGCCGATAACCCGGAAATTGTCGCCGCTCATGAAGCGCGTATTCCGGTCATCC

GTAGTGCCGAAATGCTGGCTGAGTTAATGCGTTTTCGTCATGGAATCGCCATTGCCGG^

10 GGCAAAACGACAACCACCGCGATGGTTTCCAGCGTCTACGCAGAAGCGGGGCTCGACCCAACCT

TCGTTAACGGCGGGCTGGTAAAAGCGGCGGGGGTTCATGCGCGTTTGGGGCATGGTCGGTACCT

GATTGCCGAAGCAGATGAGAGTGATGCATCGTTCCTGCATCTGCAACCGATGGTGGCGATTGTC

ACCAATATCGAAGCCGACCACATGGATACCTACCAGGGCGACTTTGAGAATTTAAAACAGACCT

TTATTAATTTTCTGCACAACCTGCCGTTTTACGGTCGTGCGGTGATC

1 5 TCCGCGAATTGTTACCGCGAGTGGGGCGTCAGACCACGACTTACGGCTTCAGCGAAGATGCC^

CGTGCGTGTAGAAGATTATCAGCAGATTGGCCCGCAGGGGCACTTTACGCTGCTGCGCCAGGAC

AAAGAGCCGATGCGCGTCACCCTGAATGCGCCAGGTCGTCATAACGCGCTGAACGCCGCAGCTG

CGGTTGCGGTTGCTACGGAAGAGGGCATTGACGACGAGGCTATTTTGCGGGCGCTTGAA^

CCAGGGGACTGGTCGCCGTTTTGATTTCCTCGGTGAATTCCCGCTGGAGCCAGTGAATGGTAAA^

20 GCGGTACGGCAATGCTGGTCGATGACTACGGCCACCACCCGACGGAAGTGGACGCCACCATTAA

AGCGGCGCGCGCAGGCTGGCCGGATAAAAACCTGGTAATGCTGTTTCAGCCGCACCGT^^

CGTACGCGCGACCTGTATGATGATTTCGCCAATGTGCTGACGCAGGTTGATACCCTGTTGATGCT

GGAAGTGTATCCGGCTGGCGAAGCGCCAATTCCGGGAGCGGACAGCCGTTCGCTGTGTCGCACA

ATTCGTGGACGTGGGAAAATTGATCCCATTCTGGTGCCGGATCCGGCGCGGGTAGCCGAGATGC
25 TGGCACCGGTATTAACCGGTAACGACCTGATTCTCGTTCAGGGGGCTGGT^

GCCCGTTCTTTAGCTGAAATCAAACTGAAGCCGCAAACTCCGGAGGAAGAACA^
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SEQ ID NO: 106

MNTQQLAK1.RSIVPEMRRVRHIHFVGIGGAGMGGIAEVLANEGYQISGSDL

5 APNPVTQQLMNLGATIYFNHRPENVRDASVVWSRAISADNPEI^

AEMLAELMRFRHGIAIAGTHGKTTTTAMVSSVYAEAGLDPTFVNGGLVKAAGVH

ARLGHGRYLIAEADESDASFLHLQPMVAIVTMEADHJVmTYQGDFENLKQTFINFL

HNLPFYGRAVMCVDDPVIRELLPRVGRQTTTYGFSEDADVRVEDYQQIGPQGHFT

LLRQDKEPMRVTLNAPGRHNALNAAAAVAVATEEGIDDEAILRALESFQGTGRRF

10 DFLGEFPLEPVNGKSGTAMLVDDYGHHPTEVDATIKAARAGWPDKIsn:.VMLFQPH
RFTRTRDLYDDFAlsrVLTQVDTLLMLEVYPAGEAPIPGADSRSLCRTIRGRGKIDPIL

VPDPARVAEMLAPVLTGNDLILVQGAGMGKIARSLAEIKLKPQTPEEEQHD-
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SEQ ID NO: 107

Forward PGR Primer

GCGGCGGCCCATATGAATACACAACAATTGGCAAAAC

SEQ ID NO: 108

Reverse PGR Primer

GGGCAGATCTGTCATGTTGTTCTTCCTCCG
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TABLE 23 Properties of UDP-N-acetyl-muramate:alanine ligase from E. coU

T Ti 0% TTHP-'M-arptvl-TniiraTnate"alanine li&ase jfrom E, coli •- SEQ ID NO: 103-

Melting temperature ("C) ofSEQ ID NO: 107 (forward PGR 1

*^««t -fVl oil* I 1

1

pniner^

66

Restriction enzyme for SEQ ID NO: 107 (forward PGR pnmer) Ndel

ivieiimg lemperaiure \ ojdvc aj-^ inw. xuo ^iwvw/iot/ x v^j-v

1

primer)

60

1 Jbcestnciion enzyme lor ojcv^ ilj x\yj. luo v^icvciDC x \^x\. ^miiv/xy
j

Belli

1 JNumuer oi nucieic acia resiGues m 0x1%/ jlm inw. iuj> 1476

1
Number of amino acid residues in SEQ ID NO: 104 1 491

JNumoer oi diiiereni nucieic acia resiciues dciwcch oj^v^ -l^v*

103 and SEQ ID NO: 105

6

Number of different amino acid residues between SEQ ID NO:
104 and SEQ ID NO: 106

3

Calculated molecular weight ofSEQ ID NO: 104 polypeptide
1 /"I T*^ \ 1

(kDa)

53.626

Calculated pi ofSEQ ID NO: 104 polypeptide 5.5

Solubility oi oJbQ ID JNU: lUo poiypeptiae, aeiermmea as

1
described in EXAMPLE 2 (with the His tag at the N-temiinus) !

AnnrnviiTiatelv two

thirds

Amount ofpurified polypeptide having SEQ ID NO: 106,

prepared and puniiea as aescriDea m tne Jc/Xempiiiicaiion ^mg/i^

of culture). The polypeptide so expressed and purified is His

tagged and has the additional amino acid residues of SEQ ID

1 NO: 1 at tne JN-terminus as ciescriDea in i3ys./\i\ax'j_^xi o.

44.1

Amount of purified polypeptide having SEQ ID NO: 106 soluble

1 in buffer, as described in EXAMPLE 8 (mg/ml ofbuffer)

39.7

Z-score lor the peptide imgerpnnt mapping analysis oi

polypeptide having SEQ ID NO: 106, determined as described in

2 30E-10

Number ofmatched peptides in the peptide fingerprint mapping

analysis oi poiypepiioe navmg ojj/v<j xu inv^. luu, u.cJiciij.ixiiv/u. ao

described in EXAMPLE 9

14

Minimum sequence coverage in the peptide fingerprint mapping

analysis ofpolypeptide having SEQ ED NO: 106, determined as

described in EXAMPLE 9

44%

Calculated molecular weight ofSEQ ID NO: 104 polypeptide

j
(Da), determined as described in EXAMPLE 10

55657

Experimental molecular weight ofSEQ ID NO: 106 polypeptide

(Da), determined as described in EXAMPLE 10

55789

Results ofprotein interaction study described in EXAMPLE 11, EXAMPLE 12,

EXAMPLE 13 and EXAMPLE 14. No interacting proteins were observed by using at

least one ofthe methods described in those examples.
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TABLE 23 ~ UDP-N-acetyl-muraiiiate:alaiiine ligase &omE. coli - SEQ ID NO: 103-
SEQIDNO: 106

Crystals of a polypeptide having the sequence of SEQ ID NO: 106, prepared and purified
as described above aiid having a His tag, are obtained using the following conditions:

12% Peg 20000, O.IM MES pH 6.5. The crystals were prepared using the following
method: 20°C, sitting drop, 1 0.2mg/ml

SUBSTITUTE SHEET (RULE 26)
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TABLE 24 Bioinformatic Analyses of UDP-N-acetyl-muramate:alanine ligase from E.

coli

TABLE 24 ~ UDP-N-acetyl-muramate:alanine ligase from E. coli ~ SEQ ID NO: 103-
SEQ ID NO: 106

(JUG Category cell membrane biogenesis
COG ID Number COG0773
Is SEQ ID NO: 104 classified as an essential gene? yes
Most closely related protein from PDB to SEQ ID NO:
104

Udp-N-Acetylmuramate—
Alanine Ligase, (lj6u A)

Source organism for closest PDB protein to SEQ ID NO:
104

Thermotosci maritima

e-value for closest PDB Protein to SEQ ID NO: 104 9E-48
% Identity between SEQ ID NO: 104 and the closest

protein from PDB
28

% Positives between SEQ ID NO: 104 and the closest

protein from PDB
43

Number ofProtein Hits in the VGDB to SEQ ID NO: 104 16
Number ofMicroorganisms having VGDB Hits to SEQ
ID NO: 104

11

Microorganisms having VGDB Hits to SEQ ID NO: 104' ecoli nmen bbur saur efae

rpro spne hinf bsub hpyl
paer

First predicted epitopic region ofSEQ ID NO: 104: amino
acid sequence, rank score, amino acid residue numbers

SEQ ID NO: 109 :

DASWWSSAI, 1.231,

78->88
Second predicted epitopic region ofSEQ ID NO: 104:
amino acid sequence, rank score, amino acid residue
nmnbers

SEQ ID NO: 110 :

INFLHNLPFYGRAVMCV-
DDPVTRELLPRV, 1.161,

215->243
Third predicted epitopic region ofSEQ ID NO: 1 04:

amino acid sequence, rank score, amino acid residue

numbers

SEQ ID NO: 111 :

VRHIHFVGIG, 1.156, 19-

>28

^Organisms are abbreviated as follows: ecoU = Eschericia coli\ hpyl = Helicobacter

pylori^ ^^Qx = Pseudomonas aeruginosa; ctra = Chlaydia trachomatis; hinf =^ Haemophilus

influenzae; nmen = Neisseria meningitidis; rpxx = Rickettsia prowazekii; bbur = Borrelia

burgdorferi; bsub = Bacillus subtilis; staph = Staphylococcus aureus; spne = Streptococcus

pneumoniae; mgen^Mycoplasma genitalium; efae = Enterococcusfaecalis

,
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MeafSiirGcl pei:3l:.ldeo : 21
MatcUecl jpepuxplea ; 14
Mih. sej^iiejqce coveracje.: 44%

SUBSTITUTE SHEET (RULE 26)
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SEQIDNO: 112

ATGAAAAATGTAGGCTTTATCGGCTGGCGCGGAATGGTGGGTTCCGTAT

5 TAATGGATCGTATGTCGCAGGAAAATGATTTTGAAAATCTTAATCCCGTATTTT

TTACAACTTCACAAGCAGGTCAAAAAGCACCTGTTTTTGGTGGCAAGGATGCA

GGCGACCTGAAAAGTGCATTCGATATTGAAGAACTTAAAAAATTAGACATTAT

CGTGACTTGCCAAGGTGGCGATTACACCAATGAAGTCTATCCAAAATTAAAAG

CAACAGGTTGGGATGGTTATTGGGTTGATGCCGCTTCTGCGTTGCGTATGAAAG

10 ATGATGCAATTATCGTGCTTGATCCAGTAAACCAACACGTGATTTCTGAAGGTT

TGAAAAAAGGCATTAAAACTTTCGTGGGCGGTAACTGTACCGTAAGCTTAATGT

TAATGGCTATCGGCGGTCTATTTGAAAAAGATTTGGTGGAATGGATTTCTGTGG

CAACTTATCAAGCGGCTTCAGGTGCTGGCGCAAAAAATATGCGTGAATTACTTT

CACAAATGGGTTTATTAGAACAAGCAGTTTCGAGTGAATTAAAAGACCCTGCTT

1 5 CATCTATTTTAGATATTGAACGTAAAGTGACTGCAAAAATGCGTGCTGATAATT

TCCCAACGGATAACTTTGGCGCGGCATTAGGTGGTAGCTTAATCCCTTGGATTG

ACAAACTTCTTCCTGAAACAGGGCAAACTAAAGAAGAATGGAAAGGTTATGCA

GAAACCAATAAAATTTTAGGTTTAAGCGACAATCCAATTCCTGTTGATGGTTTA

TGTGTGCGTATCGGTGCATTACGTTGCCATAGCCAAGCGTTTACCATCAAACTG

20 AAAAAAGACTTACCATTAGAAGAAATCGAACAAATTATTGCATCACATAATGA

ATGGGTAAAAGTGATTCCAAACGACAAAGAAATCACATTGCGTGAATTAACGC

CAGCGAAAGTAACAGGTACATTAAGCGTGCCAGTGGGGCGTTTACGTAAATTG

GCTATGGGGCCTGAATATTTGGCAGCTTTTACCGTGGGCGACCAATTATTATGG

GGTGCGGCAGAGCCAGTTCGCCGTATTTTAAAACAATTAGTGGCATAA
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SEQIDNO: 113

MKlWGmGTOGMVGSVLMDRMSQEjNDFENLNPWFTTSQAGQK^

KDAGDLKSAFDmELKKLDIIVTCQGGDYTNEVYPKLKATGWDGYWVDAASALR

MKDDAnVLDPVNQHVISEGLKKGIKTFVGGNCTVSLMLMAIGGLFEKDLVEWISV

ATYQAASGAGAKNMRELLSQMGLLEQAVSSELKDPASSILDIERKVTAKMRADNF

PTDNFGAALGGSLIPWroKLLPETGQTKEEWKGYAETNKILGLSDNPIPVDGLCVRI

GALRCHSQAFTIKLKKDLPLEEIEQnASHNEWVKVIPNDKEITLRELTPAKVTGTLS

VPVGRLRKLAMGPEYLAAFTVGDQLLWGAAEPVRIOLKQLVA-

\
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SEQIDNO: 114

ATGAAAAATGTAGGCTTTATCGGCTGGCGCGGAATGGTGGGTTCCGTAT

5 TAATGGATCGTATGTCGCAGGAAAATGATTTTGAAAATCTTAATCCCGTATTTT

TTACAACTTCACAAGCAGGTCAAAAAGCACCTGTTTTTGGTGGCAAGGATGCA

GGCGACCTGAAAAGTGCATTCGATATTGAAGAACTTAAAAAATTAGACATTAT

CGTGACTTGCCAAGGTGGCGATTACACCAATGAAGTCTATCCAAAATTAAAAG

CAACAGGTTGGGATGGTTATTGGGTTGATGCCGCTTCTGCGTTGCGTATGAAAG

10 ATGATGCAATTATCGTGCTTGATCCAGTAAACCAACACGTGATTTCTGAAGGTT

TGAAAAAAGGCATTAAAACTTTCGTGGGCGGTAACTGTACCGTAAGCTTAATGT

TAATGGCTATCGGCGGTCTATTTGAAAAAGATTTGGTGGAATGGATTTCTGTGG

CAACTTATCAAGCGGCTTCAGGTGCTGGCGCAAAAAATATGCGTGAATTACTTT

CACAAATGGGTTTATTAGAACAAGCAGTTTCGAGTGAATTAAAAGACCCTGCTT

15 CATCTATTTTAGATATTGAACGTAAAGTGACTGCAAAAATGCGTGCTGATAATT

TCCCAACGGATAACTTTGGCGCGGCATTAGGTGGTAGCTTAATCCCTTGGATTG

ACAAACTTCTTCCTGAAACAGGGCAAACTAAAGAAGAATGGAAAGGTTATGCA

GAAACCAATAAAATTTTAGGTTTAAGCGACAATCCAATTCCTGTTGATGGTTTA

TGTGTGCGTATCGGTGCATTACGTTGCCATAGCCAAGCGTTTACCATCAAACTG

20 AAAAAAGACTTACCATTAGAAGAAATCGAACAAATTATTGCATCACATAATGA

ATGGGTAAAAGTGATTCCAAACGACAAAGAAATCACATTGCGTGAATTAACGC

CAGCGAAAGTAACAGGTACATTAAGCGTGCCAGTGGGGCGTTTACGTAAATTG

GCTATGGGGCCTGAATATTTGGCAGCTTTTACCGTGGGCGACCAATTATTATGG

GGTGCGGCAGAGCCAGTTCGCCGTATTTTAAAACAATTAGTGGCATAA
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SEQIDNO: 115

MKNVGFIGWRGMVGSVLMDRMSQENDFENLNPVITm
KDAGDLKSAFDIEELKig:.DIIVTCQGGDYT]SEVYPKLKATGWDGYWVDAASALR

MKDDAIIVLDPVNQHVISEGLKKGIKTFVGGNCWSLMLMAIGGLFEKDLVEWISV

ATYQAASGAGAKNMRELLSQMGLLEQAVSSELKDPASSILDffiRKVTAKMRADNF

PTDNFGAALGGSLIPWIDKL]J»ETGQTKEEWKGYAE'mKILGLSDNPIPVDGLCVRI

GALRCHSQAFTIKLKKDLPLEEffiQIIASHNEWVKVIPNDKEITLRELTPAKVTGTLS

VPVGRLRKLAMGPEYLAAFTVGDQLLWGAAEPVRRILKQLVA-
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SEQIDNO: 116

Forward PGR Primer

GCGGCGGCCCATATGAAAAATGTAGGCTTTATCG

SEQ ID NO: 1 17

Reverse PGR Primer

GCGCGGATCCTGCCACTAATTGTTTTAAAATAG
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TABLE 25 Properties of aspartate semialdehyde dehydrogenase from H. influenzae

TABLE 25~ aspartate semialdehyde dehydrogenase from H. influenzae — SEQ ID NO:
112-SEQIDNO: 115

Melting temperature ("C) ofSEQ ID NO: 116 (forward PGR
pnmer)

58

Restriction enzyme for SEQ ID NO: 116 (forward PGR primer) Ndel

Meltmg temperature ( C) of SEQ ID NO: 117 (reverse PGR
pnmer)

Do

Restriction enzyme for SEQ ID NO: 117 (reverse PGR primer) BamHI
Number of nucleic acid residues m SEQ ID NO: 112

Number of amino acid residues in SEQ ID NO: 113 371

Number of different nucleic acid residues between SEQ ID NO:
112 and SEQ ID NO: 114

0

Number of different amino acid residues between SEQ ID NO:
113 and SEQ ID NO: 115

0

Calculated molecular weight ofSEQ ID NO: 113 polypeptide

(kDa)

40.539

Calculated pl ofSEQ ID NO: 1 13 polypeptide 5.4

Solubility ofSEQ ID NO: 115 polypeptide, determined as

described m EXAMPLE 2 (with the His tag at the N-termmus)
Approaching 100%

Amount ofpurified polypeptide having SEQ ID NO: 115,

prepared and purified as described in the Exemplification (mg/L

of culture). The polypeptide so expressed and punfied is His

tagged and has the additional amino acid residues ofSEQ ID

NO: 1 at the N-terminus as described in EXAMPLE 6.

53.50

Amoimt ofpunfied polypeptide havmg SEQ ID NO: 1 15 soluble

in buffer, as described in EXAMPLE 8 (mg/ml ofbuffer)

63.10

Z-score for the peptide fmgerpnnt mapping analysis oi

polypeptide having SEQ ID NO: 115, determined as described in

EXAMPLE 9

5.60E-14

Nxmiber ofmatched peptides in the peptide fingerprint mapping

analysis ofpolypeptide having SEQ ID NO: 115, determined as

described in EXAMPLE 9

Minimum sequence coverage in the peptide fingerprint mapping

analysis ofpolypeptide having SEQ ID NO: 115, determined as

described in EXAMPLE 9

76

Calculated molecular weight ofSEQ ID NO: 113 polypeptide

(Da), determined as described in EXAMPLE 1

0

42572

Experimental molecular weight of SEQ ID NO: 115 polypeptide

(Da), determined as described in EXAMPLE 1

0

42931

Results ofprotein interaction study described in EXAMPLE 11, EXAMPLE 12,

EXAMPLE 13 and EXAMPLE 14, No interacting proteins were observed by using at

least one of the methods described in those examples.
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TABLE 25- aspartate semialdehyde dehydrogenase jfrom H. influenzae — SEQ ID NO:
112-SEQIDNO: 115

Crystals of a polypeptide having the sequence of SEQ ID NO: 115, prepared and pmified
as described above and having a His tag, are obtained using the following conditions:

30% PEG 4000, O.IM TRIS-HCl pH8.5, 0.2M Uthium sulfate. In addition, crystals of the
same polypeptide may be prepared under the following conditions30% PEG 4000, O.IM
sodium cacodylate pH 6.5, 0,2M sodium acetate. The crystals were prepared using the

following method: 20°C, sitting drop, 14.17 xng/ml polypeptide.

SUBSTITUTE SHEET (RULE 26)
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TABLE 26 Bioinformatic Analyses of aspartate semialdehyde dehydrogenase from

influenzae

TABLE 26 — aspartate semialdehyde dehydrogenase from H, influenzae — SEQ ID NO:
112-SEQIDNO: 115

Is SEQ ID NO: 113 classified as an essential yes

Most closely related protein from PDB to SEQ
TD NO* 1

1

Aspartate-Semialdehyde Dehydrogenase,

(lel3 B)

Source organism for closest PDB protein to

SFO ID NO- 113

E, coli

e-value for closest PDB Protein to SEQ ID NO:
113

lE-158

% THpntitv hptwppn *^FO TD "MO" 11"? and the

closest protein from PDB
72

% Positives between SEQ ID NO: 113 and the

L/lUoC/oU ^IL/twill JULUlll X

84

Number ofProtein Hits in the VGDB to SEQ
ID NO: 113

7

Number ofNlicroorsaxdsms havins VGDB Hits

to SEQ ID NO: 113

Microorganisms having VGDB Hits to SEQ ID

NO: 113^

ecoli nmen spne bsub hinfhpyl paer

First predicted epitopic region ofSEQ ID NO:
113: amino acid sequence, rank score, amino

acid residue numbers

SEQ ID NO: 118 :AnVLDPVNQHVISE,
1.179, 108->122

Second predicted epitopic region ofSEQ ID

NO: 113: amino acid sequence, rank score,

amino acid residue numbers

SEQ ID NO: 119 :NPIPVDGLCVRI-
GALRCHSQAFTIK, 1.176, 260->284

Third predicted epitopic region ofSEQ ID NO:
113: amino acid sequence, rank score, amino

acid residue numbers

SEQ ID NO: 120 : KLDIIVTCQGG,
1.161, 66->76

5 ^Organisms are abbreviated as follows: ecoli = Escherieia coli; hpyl == Helicobacter

pylori; paer = Pseudomonas aeruginosa; ctra = Chlaydia trachomatis; hinf— Haemophilus

influenzae; nmen == Neisseria meningitidis; rpxx = Rickettsia prowazekii; bbur = Borrelia

burgdorferi; bsub = Bacillus subtilis; staph = Staphylococcus aureus; spne = Streptococcus

pneumoniae; mgen = Mycoplasma genitalium; efae == Enterococcusfaecalis,

10
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fea s VI red ep I: .i de r
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<42931>

«
« 1 1 ^ "— i"''

35000 rn/z 55000
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SEQ ID NO: 121

ATGTCATTTACCGTGATTATCCCCGCTCGTTTTGCATCAAGTCGTTTGCC

5 AGGAAAACCTCTTGCTGATATTAAAGGTAAGCCAATGATTCAACATGTATTTGA

GAAAGCACTGCAGTCTGGGGCGAGCCGAGTGATTATTGCCACCGATAATGAAA

ATGTGGCTGATGTTGCCAAAAGTTTTGGTGCTGAAGTCTGTATGACTTCGGTTA

ATCATAATTCTGGTACAGAACGTTTAGCAGAAGTTGTAGAAAAATTAGCTATTC

CTGACAATGAAATCATTGTCAATATTCAAGGCGATGAGCCTTTGATTCCTCCCG
10 TTATCGTGCGACAAGTGGCAGATAATTTAGCAAAATTTAATGTCAATATGGCAA

GCCTTGCGGTAAAAATTCACGATGCTGAGGAATTATTTAATCCAAATGCAGTGA

AAGTATTAACAGATAAAGATGGCTATGTGCTGTATTTTTCCCGTTCGGTTATTCC

TTATGATCGTGATCAGTTTATGAATTTGCAGGATGTTCAGAAAGTACAGCTTTC

TGACGCTTACTTACGTCATATTGGCATTTACGCATATCGTGCGGGTTTCATAAA

1 5 ACAATATGTGCAATGGGCACCGACTCAACTTGAAAATCTAGAAAAACTTGAGC

AGCTTCGTGTGTTATATAACGGCGAACGTATTCACGTAGAACTTGCGAAAGAA

GTGCCTGCAGTGGGGGTGGATACCGCCGAAGATTTGGAAAAAGTGCGGGCAAT

TTTAGCGGCGAATTAA
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SEQ ID NO: 122

MSFTVIIPAiiFASSRLPGKPLADIKGKPMIQHVFEKALQSGASRVIIATDNEN

5 VADVAKSFGAEVCMTSVNEINSGTERLAEVVEKLAIPDNEnVNIQGDEPLIPPVIVR

QVADNLAKFNVISIMASLAVKIHDAEELFNPNAVKVLTDKDGWLYFSR^

QFMNLQDVQKVQLSDAYLRHIGIYAYRAGFIKQWQWAPTQLENLEKLEQLRVLY

NGERIHVELAKEVPAVGVDTAEDLEKVRAILAAN-
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SEQ ID NO: 123

ATGTCATTTACCGTGATTATCCCCGCTCGTTTTGCATCAAGTCGTTTGCC

5 AGGAAAACCTCTTGCTGATATTAAAGGTAAGCCAATGATTCAACATGTATTTGA

GAAAGCACTGCAGTCTGGGGCGAGCCGAGTGATTATTGCCACCGATAATGAAA

ATGTGGCTGATGTTGCCAAAAGTTTTGGTGCTGAAGTCTGTATGACTTCGGTTA

ATCATAATTCTGGTACAGAACGTTTAGCAGAAGTTGTAGAAAAATTAGCTATTC

CTGACAATGAAATCATTGTCAATATTCAAGGCGATGAGCCTTTGATTCCTCCCG

10 TTATCGTGCGACAAGTGGCAGATAATTTAGCAAAATTTAATGTCAATATGGCAA
GCCTTGCGGTAAAAATTCACGATGCTGAGGAATTATTTAATCCAAATGCAGTGA

AAGTATTAACAGATAAAGATGGCTATGTGCTGTATTTTTCCCGTTCGGTTATTCC

TTATGATCGTGATCAGTTTATGAATTTGCAGGATGTTCAGAAAGTACAGCTTTC

TGACGCTTACTTACGTCATATTGGCATTTACGCATATCGTGCGGGTTTCATAAA

1 5 ACAATATGTGCAATGGGCACCGACTCAACTTGAAAATCTAGAAAAACTTGAGC

AGCTTCGTGTGTTATATAACGGCGAACGTATTCACGTAGAACTTGCGAAAGAA

GTGCCTGCAGTGGGGGTGGATACCGCCGAAGATTTGGAAAAAGTGCGGGCAAT

TTTAGCGGCGAATTAA
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SEQ ID NO: 124

MSFTVIIPARFASSRLPGKPLADIKGKPMIQHVFEKALQSGASRVIIATDNEN

5 VADVAKSFGAEVCMTSVNHNSGTERLAEVVEKLAIPDNEIIVMQGDEPLff^

QVAD]>n.AKFNVNMASLAVKmDAEELFNPNAVKVLTDKDGYVLYFSRSVIPYDRD

QFMNLQDVQKVQLSDAYLRHIGIYAYRAGFIKQYVQWAPTQLENLEKLEQLRVLY

NGERIHVELAKEVPAVGVDTAEDLEKVRAILAAN-

1
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SEQ ID NO: 125

Forward PGR Primer

GCGGCGGCCCATATGTCATTTACCGTGATTATCC

SEQ ID NO: 126

10

Reverse PGR Primer

GGGCGGATCGATTGGCGGCTAAAATTGCCC
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TABLE 27 Properties of CTP:CMP-3-deoxy-D-manno-octulosonate transferase from

H. influenzae

TABLE 27 ~ CTP:CMP-3-deoxy-D-niamio-octulosonate transferase from H. influenzae

- SEQ ID NO: 121-SEQ ID NO: 124

Melting temperature ("C) ofSEQ ID NO: 125 (forward PGR
primer^

60

Restriction enzyme for SEO ID NO: 125 Tforward PGR primer) Ndel

Melting temperature ("C) ofSEQ ID NO: 126 (reverse PGR
orimer^

60

Restriction enzyme for SEQ ID NO: 126 (reverse PGR primer) BamHi
Number of nucleic acid residues in SEQ ID NO: 121 765

Nvmiber of amino acid residues in SEQ ID NO: 122 254

Number of different nucleic acid residues between SEQ ID NO:
121 andSFOTDNO- 123

0

Number of different amino acid residues between SEQ ID NO:
122 and SEQ ID NO: 124

0

Calculated molecular weight ofSEQ ID NO: 122 polypeptide

(kDa)

28.256

Solubility ofSEQ ID NO: 124 polypeptide, determined as

/1*^Gr»i*iV*«=»rl in Tn "V A A/j t'T T7 9 /'^x/i'fVi TTic tcio" sii* fVi<=* "NT—"ff^TmiTinG^ilwov/XlUwU. JLiI 1 > rS. 1V 1 r x^±2j ^ ^Willi Ulw XJ.10 £tl lilw l^^lC/l1111X1Uo^

Approaching 100%

Amoimt ofpurified polypeptide having SEQ ID NO: 124,

prepared and purified as described in the ExempHfication (mg/L
yjx. wU-lLU-X C 1. X lie? IJIJiy IJCIJ LllXC' o*J WAJUl WLiOtiVJ. dllVX JL/IX11±1^\X lO XXlo

tagged and has the additional amino acid residues ofSEQ ID
NO: 1 at the N-terminus as described in EXAMPLE 6.

66.60

Amonnt of* niififif^rl ^"^TnJ "nrilvT^ftt^tirlft liavinfr SiFO TT^ ISTO*XJUL1X\JUX11> yjl. LI LU. 1X1w\J. XAL/wX^U. LlV^Xjr Lfw^LXVXw XXClVJULi.^ OX-/v^ XJU^

1 24, prepared and purified as described in the Exemplification

(mg/L of culture). The polypeptide so expressed and purified is

TTis taffffed and has the additional amino acid residues ofSEO ID
NO: 1 at the N-temiinus as described in EXAMPLE 6.

40

Amount ofpurified polypeptide having SEQ ID NO: 124 soluble

in buffer, as described in EXAMPLE 8 (mg/ml of buffer)
79.90

Amount ofpurified ^^N labeled polypeptide having SEQ ID NO:
124 soluble in buffer, as described in EXAMPLE 8 (mg/ml of

buffer)

66.6

Z-score for the peptide fingerprint mapping analysis of

polypeptide having SEQ ID NO: 124, determined as described in

EXAMPLE 9

4.00E-06

Number ofmatched peptides in the peptide fingerprint mapping
analysis ofpolypeptide having SEQ ID NO: 124, determined as

described in EXAMPLE 9

14

Minimrmi sequence coverage in the peptide fingerprint mapping
analysis ofpolypeptide having SEQ ID NO: 124, determined as

described in EXAMPLE 9

65%
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TABLE 27 — CTP:CMP-3-deoxy-D-mamio-octulosonate transferase &omK influenzae
- SEQ ID NO: 121-SEQ ID NO: 124

Calculated molecular weight ofSEQ ID NO: 122 polypeptide

(Da), determined as described in EXAMPLE 10

30288

Experimental molecular weight ofSEQ ID NO: 124 polypeptide

(Da), determined as described in EXAMPLE 10

30554

Results of protein interaction study described in EXAMPLE 1 1, EXAMPLE 12,

EXAMPLE 13 and EXAMPLE 14. No interacting proteins were observed by using at

least one of the methods described in those examples.

SUBSTITUTE SHEET (RULE 26)
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TABLE 28 Bioinformatic Analyses of CTP:CMP-3-deoxy-D-manno-octulosonate

transferase from iafluenzBe

TABLE 28 ~ CTP:CMP-3-deoxy-D-manno-octulosonate transferase from H. influenzae —
SEQ ID NO: 121-SEQ ID NO: 124

COG Category cell membrane biogenesis

\_^^vJ JLU iNUIIlDCr POrr! 9 1 9

Is SEQ ID NO: 122 classified as an

6bS6Illl<ll ^GuG:

yes

Most closely related protein from PDB to 3-Deoxy-Manno-Octulosonate

y~^y tin ijf^111 ctuoxci ^ oVl J

Soiirce organism for closest PDB protein to E. coll

e-value for closest PDB Protein to SEQ ID
NO: 122

8E-45

/o iQeniixy uexween ojc/V^ jul/ in^^. izz ana

the closest protein from PDB
il9

% Positives between SEQ ID NO: 122 and

me ciosesx protem xrom xxJij

58

Number ofProtein Hits in the VGDB to

SEQ ID NO: 122

7

Hits to SEQ ID NO: 122

7

Microorganisms having VGDB Hits to

SEQ ID NO: 122^

ecoli nmen rpro ctra hiaf hpyl paer

First predicted epitopic region ofSEQ ID
NO: 122: amino acid sequence, rank score,

amino acid residue numbers

SEQ ID NO: 127 :

DEPLIPPVIVRQVADNL, 1.207, 100->116

Second predicted epitopic region of SEQ
ID NO: 122: amino acid sequence, rank

score, amino acid residue numbers

SEQ ID NO: 128 :RIHVELAK:EVPAVGVD,
1.145, 224->239

Third predicted epitopic region ofSEQ ID
NO: 122: amino acid sequence, rank score,

airdno acid residue nimabers

SEQ ID NO: 129 : LAEWEKLAIP, 1.145,

79->89

5 Organisms are abbreviated as follows: ecoli = Eschericia coli\ hpyl = Helicobacter

pylori^ pa.GV = Pseudomonas aeruginosa; ctra= Chlaydia trachomatis; hmf— Haemophilus

influenzae; nmen = Neisseria meningitidis; rpxx = Rickettsia prowazekii; bbur = Borrelia

burgdorferi; bsub = Bacillus subtilis; staph = Staphylococcus aureus; spne = Streptococcus

pneumoniae; mgen = Mycoplasma genitalium; efae = Enterococcusfaecalis.
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Measured peptides : 79
Matched peptides : 14
hijn. sequence coverage; 65%
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<30554>
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^

20000 rn/z 45000
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SEQIDNO: 130

ATGCAAAATTTACAACCTTTTCACACTTTCCACATTCAGTCTAATGCTCG

5 TGAAATTATTGAAGCACATAGTATCGAACAGCTACAACAAGTGTGGGCGAATT

CTAAATCAGAAAATTTACCCACTCTTTTTTTAGGTCAAGGAAGTAATGTTCTATT

TCTAGATGATTTTAATGGCATCGTGATCCTTAATCGTTTAATGGGGATTACGCA

CGAACAAGATGCAAATTTTCACTATCTTCACGTCAATGGCGGGGAAAATTGGC

ATAAATTGGTGGAGTGGTCTATTAATAATGGTATTTATGGCTTAGAAAATCTGG

10 CTCTGATTCCCGGTTGTGCAGGCTCTGCCCCCATTCAAAATATCGGTGCTTATG

GCGTTGAATTTAAAGATGTATGTGATTATGTGGAGGTACTTAATTTAAATACGA

ACGAAACCTTTAGACTCGACACAGAACAATGTGAATTTGGTTATCGTGAGAGT

ATTTTTAAACATCGTTATCAGCAAGGTTATGTGATTACAGCGGTTGGATTAAAG

CTAAAAAAAGATTGGCAGCCTATTCTAAAATATGGTTCGCTTGTAGAGTTCGAT

1 5 CCGAAAACGGTCACCGCTAAACAAATTTTTGATGAAGTCTGTCATATCCGTCAA

AGCAAATTACCTGACCCAAATGAAGTGGGTAATGCAGGGAGTTTCTTTAAAAA

TCCCGTTGTCAGTTCAGAACATTTTGAAGAAATCAAAAAACATCACGAAAATCT

ACCGCACTTTCCACAGGCAGATGGCTCAGTGAAATTAGCGGCAGGCTGGCTGA

TTGATCAATGCAATCTTAAAGGTTTTCAAATTGGTGGGGCTGCGGTTCATAAAA

20 AACAAGCATTAGTATTAATTAACAAAAACGGGGCAACAGGGCAAGACGTGGTC

AAACTCGCCCATCACGTTCGCCAAACTGTTGCAGAAAAATTTGGTGTATATTTA

CAACCTGAAGTACGATTTATCAGTGCAACTGGCGAAGTAAATAGTGAGCAAAT

TATCACGTAA
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SEQIDNO: 131

MQNLQPFHTFHIQSNAREIIEAHSIEQLQQVWANSKSENLPTLFLGQGSNVLF

LDDFNGmLNRLMGITHEQDA]SIFErn.HVNGGE]Sr\VHKLVEWSI^

PGCAGSAPIQmGAYGVEFKDVCDYVEVLmNTNETFRLDTEQCEFGYRESIFKHR

YQQGYVITAVGLKLKKDWQPILKYGSLVEFDPKTVTAKQIFDEVCHIRQSKLPDPN

EVGNAGSFFKNPVVSSEHFEEIKKiniENLPHFPQADGSVKLAAGWLIDQCNLKGFQ

IGGAAVHKKQALVLr^^KJS^GATGQDVVKLAHHVRQTVAEKFGVYLQPEVRFISATG

EVNSEQHT-
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SEQ ID NO: 132

ATGCAAAATTTACAACCTTTTCACACTTTCCACATTCAGTCTAATGCTCG

5 TGAAATTATTGGAGCACGTAGTATCGAACAGCTACGACAAGTGTGGGCGAATT

CTAAATCAGAAAATTTACCCACTCTTTTTTTAGGTCAAGGAAGTAATGTTCTATT

TCTAGATGATTTTAATGGCATCGTGATCCTTGATCGTTTAATGGGGATTACGCA

CGAACAAGATGCCAATTTTCACTATCTTGACGTCAATGGCGGGGAACATTGGCA

TAAATTGGTGGAGTGGCCTATTAATAATGGTATTTATGGCTTAGGAAATCTGGC

10 TCTGATTCCCGGCTGTGCAGGCTCTGCACCCATTCAAAATATAGGTGCTTATGG

CGTTGCATTTAAAGATGTATGTGATTATGAGGCGGTACTGAAGTTAAATACGAA

CGAAACCTTTAGACTCGACACAGAACAATGTGAATTTGGTTATCGTGAGAGTAT

TTTTAAACATCGTTATCAGCAAGGTTATGTGATTACAGCGGTTGGATTAAAGCT

AAAAAAAGATTGGCAGCCTATTCTAAAATATGGTTCGCTTGTAGAGTTCGATCC

1 5 GAAAACGGTCACCGCTAAACAAATTTTTGATGAAGTCTGTCATATCCGTCAAAG

CAAATTACCTGACCCAAATGAAGTGGGTAATGCAGGGAGTTTCTTTAAAAATCC

CGTTGTCAGTTCAGAACATTTTGAAGAAATCAAAAAACATCACGAAAATCTAC

CGCACTTTCCACAGGCAGATGGCTCAGTGAAATTAGCGGCAGGCTGGCTGATT

GATCAATGCAATCTTAAAGGTTTTCAAATTGGTGGGGCTGCGGTTCATAAAAAA

20 CAAGCATTAGTATTAATTAACAAAAACGGGGCAACAGGGCAAGACGTGGTCAA

ACTCGCCCATCACGTTCGCCAAACTGTTGCAGAAAAATTTGGTGTATATTTACA

ACCTGAAGTACGATTTATCAGTGCAACTGGCGAAGTAAATAGTGAGCAAATTA

TCACGTAA
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SEQ ID NO: 133

MQNLQPFHTFHIQSNAREnGARSIEQLRQVWANSKSENLPTLFLGQGSNVLF

5 LDDFNGIVILDRLMGITHEQDANFHYLDVNGGEHWHKLVEWPINNGIYGLGNLALI

PGCAGSAPIQNIGAYGVAFKDVCDYEAVLKLNTNETFRLDTEQCEFGYRESIFKHR

YQQGYVITAVGLKLKKDWQPILKYGSLVEFDPKTVTAKQIFDEVCHIRQSKLPDPN

EVGNAGSFFKNPWSSEHFEEIKKHHENLPHFPQADGSVBCLAAGWLIDQCNLKGFQ

IGGAAVHKKQALVLESIKNGATGQDVVKLAHHVRQTVAEKFGVYLQPEVRFISATG

10 . EVNSEQnX-
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SEQ ID NO: 134

Forward PGR Primer

5 GCGGCGGCCCATATGCAAAATTTACAACCTTTTCAC

SEQ ID NO: 135

10

Reverse PGR Primer

GCGGGGATCGCGTGATAATTTGCTCAGTATTTAC

r
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TABLE 29 Properties of UDP-N-acetylenolpyruvoylglucosamine reductase from H.

influenzae

TABLE 29 ~ UDP-N-acetylenolpyruvoylglucosamine reductase firom H. influenzae —
SEQ ID NO: 130-SEQ ID NO: 133

Melting temperature ("C) ofSEQ ID NO: 134 (forward PGR 62

T^p<?tnr.tinn piTzvinft for SIRO TD l^JO* 1 fforward PGR r)rirner^ Ndel

Melting temperature ("C) ofSEQ ID NO: 135 (reverse PGR 64

Restriction enzyme for SEQ ID NO: 135 (reverse PGR primer) BamHi
XN LlIllUCX yji. ilLlL/iCXL/ oxj/WX XCaXLlU.C/o XXX OJ-zV^ X-L^ i>V»/. X ^ V/ 1026

Number ofamino acid residues in SEQ ID NO: 131 341

Number of different nucleic acid residues between SEQ ID NO:
130 and SEQ ID NO: 132

17

Number of different amino acid residues between SEQ ID NO:
X J X oIlCL O JLL/ XN VJ . X JO

12

Calculated molecular weight ofSEQ ID NO: 131 polypeptide 38.345

Calculated pi ofSEQ ID NO: 13 1 polypeptide 6.1

Solubility ofSEQ ID NO: 133 polypeptide, determined as

Q-escnoeQm Jti-AAiVLri^Ji z ^wiin me xiis tag ai tne xN-xexxximus)

Approximately two
ixxxru-o

Solubility ofSEQ ID NO: 133 polypeptide, determined as

described in EXAMPLE 2 (with the His tag at the C-terminus)

Approaching 100%

Amount Ox puniiea polypepticie navmg oxsv^ lu xNi^. \.dd^

prepared and purified as described in the Exemphfication (mg/L

of culture). The polypeptide so expressed and purified is His
tncro"RH find lifi«i the additional amino acid residues ofSEO IDl.q>&&^\j. axxu> xxcio ixxw a.uu.xkxwxxcix on 1 1 1 1xv aVi/xu xwoxvxuvi/o v/x kjx>/v^ juu^

NO: 1 at the N-terminus as described in EXAMPLE 6,

AO 'TO

Amount ofpurified polypeptide having SEQ ID NO: 133 soluble

in buffer, as described in EXAMPLE 8 (mg/ml of buffer)

9.50

Z-score for the peptide fingerprint mapping analysis of

polypeptide having SEQ ID NO: 133, determined as described in

EXAMPLE 9

4.7E-08

Number ofmatched peptides in the peptide fingerprint mapping
analysis ofpolypeptide having SEQ ID NO: 133, determined as

described in EXAMPLE 9

24

Minimum sequence coverage in the peptide fingerprint mapping
analysis ofpolypeptide having SEQ ID NO: 133, determined as

described in EXAMPLE 9

83%
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TABLE 30 Bioinformatic Analyses of UDP-N-acetylenolpyruvoylglucosamine

reductase from H. influenzae

TABLE 30 ~ UDP-N-acetylenolpyravoylglucosamine reductase from H. influenzae —

SEQ ID NO: 130-SEQ ID NO: 133

COG Category cell membrane biogenesis

L^L^VJ ljlJ iNUluDer

Is SEQ ID NO: 131 classified as an

cssenxiai gene c

yes

Most closely related protein from PDB
to bxSi^ JJJ riKJ, ID I

Uridine Diphospho-N-Acetylenolpymvylglucosa,

Source organism for closest PDB
proiem to oxiv^ inv^. ljjl

E, coli

e-value for closest PDB Protein to SEQ
ID NO: 131

lE-118

/o Identity oetween oiiv^ mj invj. idl

and the closest protein from PDB
% Positives between SEQ ID NO: 131

and the closest protein from PDB
74

JNumber oi Jrrotem Jtiits m tne v kjUx>

to SEQ ID NO: 131

Q

Number ofMicroorganisms having

VrrTiR TTit«! to SRO ID NO' 131

9

Microorganisms having VGDB Hits to

SEQ ED NO: 131^

ecoli nmen saur rpro efae ctra spne hinfpaer

First predicted epitopic region ofSEQ
ID NO: 131: amino acid sequence, rank

score, amino acid residue numbers

SEQ ID NO: 136 :AYGVEFKDVCDYVEVLNL,
1.206, 123->140

Second predicted epitopic region of

SEQ ID NO: 131: amino acid

sequence, rank score, amino acid

residue numbers

SEQ ID NO: 137 :QDVVKLAHHVRQT-
VAEKFGVYLQPEVRFI, 1.174, 300->328

Third predicted epitopic region ofSEQ
ID NO: 131: amino acid sequence, rank

score, amino acid residue numbers

SEQ ID NO: 138 : LENLALIPGCAGSA, 1.152,

103->116

5 ^Organisms are abbreviated as follows: ecoli = Eschericia coli; hpyl = Helicobacter

pylori; paox Pseudomonas aeruginosa; ctxdi = Chlaydia trachomatis; hmf Haemophilus

influenzae; nmen = Neisseria meningitidis; rpxx = Rickettsia prowazekii; bbur = Borrelia

burgdorferi; bsub = Bacillus subtilis; staph = Staphylococcus aureus; spne = Streptococcus

pneumoniae; mgen = Mycoplasma genitalium; efae = Enterococcusfaecalis,

10
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Measuited peptides : 9 9

Matched peptides : 24
Mill, sequence coverage: &3^a

m , '.A ,>.;,V

,
', 'i^'j.'-;-,.

liiiift*

<io'/{, '• . . vrS,-! .T' n

q :;q 7^
-6 ..dsi^j P<3VYiI.0P;ElVR''

'

'1.

SUBSTITUTE SHEET (RULE 26)



wo 03/087353

133/170

PCT/CA03/00481

FIGURE 125

SEQIDNO: 139

ATGACAAAAAAAGCATTAAGTGCGGTAATTTTAGCAGCTGGAAAAGG^

5 ATTCTGATTTACCCAAAGTTCTACATACAATCGCGGGTAAACCAATGGTAAAACACGTGAI^

ACTGCCCATCAATTAGGCTCAGAAAATATTCATTTAATCTATGGTCACGGTGGGGACTTM

TACCCATCTTGCGAATGAACAAGTAAATTGGGTATTACAAACAGAACAACTTGGCAC^

GCAGTTCAACAAGCAGCACCTTTCTTTAAAGATAACGAAAACATTGT^

ACCATTAATTACTAAAGAAACATTAGAAAAATTAATTGAAGCGAAACCAGA.^^
1 0 TTGCTTACCGTAAATTTAGATAACCCAACAGGCTATGGACGAATTATCCGTGAAAA

TTGTAGCCATTGTAGAACAAAAAGATGCGAATGCTGAGCAACTAAATATTAAAG^

TGGCGTTATGGTATCTGATGGTGCAAGTTTCAAAAAATGGCTAGCTCGTGTAGGC^

CTCAAGGCGAATATTACTTAACGGATCTTATTGCTCTCGCAAACCAAGATAATTGT^

GCTGTACAAGCAACAGATGTCATGGAAGTTGAAGGCGCAAATAATCGCTTACAATTAGCC^
1 5 TTGAACGTTATTTCCAAAATAAACAAGCCTCCAAATTATTACTT

CCCGCTCGTTTTGACCTACGTGGAACATTAGAGCATGGAAAAGATG

TTATTATCGAAGGTAATGTTAAACTCGGTGATCGCGTAAAAATTGGCACAGGTTGCG

AATGTTGTTATTGGCAATGATGTAGAAATAAAACCCTATTCAGTGCTAGAGGATTCTATA

AGAAAAAGCCGCAATTGGCCCATTTTCTCGTTTACGCCCAGGTGCAG

20 CATGTCGGTAACTTTGTAGAAATTAAAAAATCTACCGTTGGTAAAGGTTCTA^

GACCTATGTTGGCGATTCAGAAATTGGCTCAAATTGTAATATTGGAGCGGGTGTCAT^

ACTACGATGGTGCAAATAAATTTAAAACGATCATCGGTGATGATGTGTT^

CAATTAGTCGCGCCAGTGAAAGTCGCAAATGGCGCAACTATTGGTGCTGGGACTACAATTACAC

GTGATGTTGGCGAAAATGAATTAGTGATTACAAGAGTTGCTCAACGACATATTCAAGGI^
25 ACGACCAATAAAGAAAAAATAA

1
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SEQ ID NO: 140

MTKKALSAVILAAGKGTRMYSDLPKVLHTIAGKPMVKHVIDTAHQLGSENI

5 HLIYGHGGDLMRTHLANEQV]SrV\rVLQTEQLGTAHAVQQAAPFFKDhlENW

APLITKETLEKLIEAKPENGIALLTVNLDNPTGYGimRENGNVVAIVEQKDANAEQ

LNIKEWTGVMVSDGASFKKWLARVGNNNAQGEYYLTDLIALANQDNCQVVAV

QATDVMEVEGAlslNRLQLAALERYFQNBCQAJSKLLLEGVMIYDPARFDLRGTLEHG

KDVEmVNVnEGN\^GDRVKIGTGCVLK]SrVVIG]SIDVEIKPYSVLEDSIVGEKA^

10 GPFSRLRPGAELAAETHVGNFVEIKKLSTVGKGSKVNHLTYVGDSEIGSNCNIGAGVI

TOSTOGAJSIKFKTnGDDWVGSDTQLVAPVKVANGATIGAGTTITRDVGENELVIT

RVAQRHIQGWQRPIKKK-
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SEQIDNO: 141

ATGACAAAAAAAGCATTAAGTGCGGTAATTTTAGCAGCTGGAAA^

5 ATTCTGATTTACCCAAAGTTCTACATACAATCGCGGGTAAACCAATGGTAAAACAC^

ACTGCCCATCAATTAGGCTCAGAAAATATTCATTTAATCTATGGTCACGGTGGGGACTT/^

TACCCATCTTGCGAATGAACAAGTAAATTGGGTATTACAAACAGAACAACI^

GCAGTTCAACAAGCAGCACCITTCTTTAAAGATAACGA^^

ACCATTAATTACTAAAGAAACATTAGAAAAATTAATTGAAGCGAAACCAG^

10 TTGCTTACCGTAAATTTAGATAACCCAACAGGCTATGGACGAATTATCCGTGAAA^

TTGTAGCCATTGTAGAACAAAAAGATGCGAATGCTGAGCAACTAAATATTAAAGAAGTC

TGGCGTTATGGTATCTGATGGTGCAAGTTTCAAAAAATGGCTAGCTCGTGTAGGCA^

CTCCAGGCGAATATTACTTAACGGATCTTATTGCTCTCGCAAACCAAGATAATTGTC

GCTGTACAAGCAACAGATGTCATGGAAGTTGAAGGCGCAAATAATCGCTTACAATTAGCCG

1 5 TTGAACGTTATTTCCAAAATAACCAAGCCTCCAAATTATTACTTGAAGGCGTAATGAT^

CCCGCTCGTTTTGACCTACGTGGAACATTAGAGCATGGAAAAGATGTGGAAATCG

TTATTATCGAAGGTAATGTTAAACrCGGTGATCGCGTAAAAATTGGC^

AATGTTGTTATTGGCAATGATGTAGAAATAAAACCCTATTCAGTGCTAGAGGATTCTAT^

AGAAAAAGCCGCAATTGGCCCATTTTCTCGTTTACGCCCAGGTGCAGAACI^

20 CATGTCGGTAACTTTGTAGAAATTAAAAAATCTACCGTTGGTAAAGGT^

GACCTATGTTGGCGATTCAGAAATTGGCTCAAATTGTAATATTGGAGCGGGTGTCATAACCTC

ACTACGATGGTGCAAATAAATITAAAACGATCATCGGTGATGATGTGT^

CAATTAGTCGCGCCAGTGAAAGTCGCAAATGGCGCAACTATTGGTGCTGGGACTACAATT

GTGATGTTGGCGAAAATGAATTAGTGATTACAAGAGTTGCTCAACGACATATTCAAGGTTGG

25 ACGACCAATAAAGAAAAAATAA
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SEQ ID NO: 142

MTKBCAJLSAVXLAAGKGTRMYSDLPKVLHTIAGKPMVKHVroXAHQLGSENI

HLIYGHGGDLMRTHLANEQVNWVLQTEQLGTAHAVQQAAPFFKDNENIVVLYGD

APLITKETLEKLmAKPENGIALLTVNLDNPTGYGRIIRENGNWAIVEQKDANAEQ

LNIKEVNTGVMVSDGASFKKWLARVGNNNAPGEYYLTDLIALANQDNCQVVAVQ

ATDVMEVEGANNM.QLAALERYFQNNQASKLLLEGVMIYDPARFDLRGTLEHGK

DVEIDVNVimGNVKLGDRVKIGTGCVLKNVVIGNDVEIKPYSVLEDSIVGEKAAIG

PFSRLRPGAELAAETHVGNFVEIKKSTVGKGSKVISIHLTYVGDSEIGSNCNIGAGVIT

CNYDGANKFKTnGDDVFVGSDTQLVAPVKVANGATIGAGTTITRDVGENELVITR

VAQRHIQGWQRPIKKK-
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SEQ ID NO: 143

Forward PGR Primer

GCGGCGGCCCATATGACAAAAAAAGCATTAAGTGC

SEQ ID NO: 144

Reverse PGR Primer

GCGCGGATCCTTTTTTCTTTATTGGTCGTTGC
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TABLE 31 Properties of UDP-N-acetylglucosamine pyrophosphorylase from H.

influenzae

TABLE 31 ~ UDP-N-acetylglucosamine pyrophosphorylase fromH influenzae — SEQ
IDNO: 139-SEQIDNO: 142

Melting temperature ("C) ofSEQ ID NO: 143 (forward PGR
1

primer)

60

Restriction enzyme for SEQ ID NO: 143 (forward PGR primer) Ndel

Melting temperature ("G) ofSEQ ID NO: 144 (reverse PGR
1
primer)

58

Restriction enzyme for SEQ ID NO: 144 (reverse PGR primer) BamHI

1
Number ofnucleic acid residues in SEQ ID NO: 139 1371

1
Number of amino acid residues in SEQ ID NO: 140 456

Number of different nucleic acid residues between SEQ ID NO:
139 and SEQ ID NO: 141

2

Number of different amino acid residues between SEQ ID NO:
140 and SEQ ID NO: 142

2

Calculated molecular weight ofSEQ ID NO: 140 polypeptide

(kDa)

49.287

Calculated pi ofSEQ ID NO: 140 polypeptide^^^^ ^^^m^ ^^^^ ^^^^ ^^^^^ -^^r ^^^^^^^^ £
6.3

Solubility ofSEQ ID NO: 140 polypeptide, determined as

described in EXAMPLE 2 (with the His tag at the N-terminus)

Approaching 10%

Amount ofpurified polypeptide having SEQ ID NO: 142,

prepared and purified as described in the Exemplification (mg/L

of culture). The polypeptide so expressed and purified is His

tagged and has the additional amino acid residues ofSEQ ID

1
NO: 1 at the N-terminus as described in EXAMPLE 6.

58.00

Amount ofpurified polypeptide having SEQ ID NO: 142 soluble

in buffer, as described in EXAMPLE 8 (mg/ml ofbuffer)

58.00

Z-score for the peptide fingerprint mapping analysis of

polypeptide having SEQ ID NO: 142, determined as described in

EXAMPLE 9

1.40E-07

Number ofmatched peptides in the peptide fingerprint mapping

analysis ofpolypeptide having SEQ ID NO: 142, determined as

described inEXAMPLE 9

16

Minimxim sequence coverage in the peptide fingerprint mapping

analysis of polypeptide having SEQ ID NO: 142, determined as

described in EXAMPLE 9

47%

Galculated molecular weight ofSEQ ID NO: 140 polypeptide

1

(Da), determined as described in EXAMPLE 10

51319

Experimental molecular weight ofSEQ ID NO: 142 polypeptide

1

(Da), determined as described in EXAMPLE 10

51405



wo 03/087353

FIGURE 130 CON'T

139/170

PCT/CA03/00481

TABLE 31 ~ UDP-N-acetylglucosamine pyrophospliorylase from H. influenzae — SEQ
ID NO: 139-SEQ ID NO: 142

Results of protein interaction study described in EXAMPLE 11, EXAMPLE 12,

EXAMPLE 1 3 and EXAMPLE 14. The identity of interacting proteins identified by

using at least one of the methods described in those examples are: heat shock protein 70

(gi| 16273 156), ribosomal protein SI (gi|16273139), ATP-dependent RNA hehcase

(gil 16272 194), 5 '-nucleotidase, putative (gi| 16272169), and ribosomal protein L2

(gi| 16272721). ^^^^

SUBSTITUTE SHEET (RULE 26)
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TABLE 32 Bioinformatic Analyses of UDP-N-acetylglucosamine pyrophosphorylase

from H. influenzae

TABLE 32 ~ UDP-N-acetylglucosamine pyrophosphorylase from H. influenzae — SEQ ID

NO: 139-SEQ ID NO: 142

COG Category cell membrane biogenesis

COG1207
Is SEQ ID NO: 140 classified as an essential

gener

yes

Most closely related protein firom PDB to SEQ Udp-N-Acetylglucosamine

Pvrophosphorvlase, (lhv9 B)

SoiH"ce organism for closest PDB protein to

e-value for closest PDB Protein to SEQ ID

NO: 140

0

1 0/ T/l*=»n+if\/' hpaf\xr<3<=»n ^"PO TD "KTO* 140 flTld tVie
j
/o JLCienxiiy Dciwccn oxiv^ xxj xwj* A*tv/ cuiu. u.i.&

1
closest protein from PDB

68

% Positives between SEQ ID NO: 140 and the

j
ciosesi prutcuj. i-iuiii srljd

82

Number ofProtein Hits in the VGDB to SEQ
ID NO: 140

9

Number ofMicrooraanisms having VGDB
Hits to SEQ ID NO: 140

9

Microorganisms having VGDB Hits to SEQ
ID NO: 140^

ecoli nmen saur efae spne

bsub hinfhpyl paer

First predicted q)itopic region of SEQ ED NO:
140: amino acid sequence, rank score, amino

1
acid residue numbers

SEQ ID NO: 145 :NCQVVAVQAT,
1.236,209->218

Second predicted epitopic region ofSEQ ID

NO: 140: amino acid sequence, rank score,

1
amino acid residue numbers

SEQ ID NO: 146 :GTGCVLKNVVIGND,
1.217, 293->306

Third predicted epitopic region of SEQ ID

NO: 140: amino acid sequence, rank score,

1
amino acid residue numbers

SEQ ID NO: 147 :GDDVFVGSDTQ-
LVAPVKVANG, 1.208, 398->418

^Organisms are abbreviated as follows: ecoli = Eschericia coli; hpyl = Helicobacter

pylori; paer = Pseudomonas aeruginosa; ctra = Chlaydia trachomatis; hinf= Haemophilus

influenzae; nmen = Neisseria meningitidis; rpxx = Rickettsia prowazekii; bbur = Borrelia

burgdorferi; bsub = Bacillus subtilis; staph = Staphylococcus aureus; spne = Streptococcus

pneumoniae; mgen = Mycoplasma genitalium; efae = Enterococcusfaecalis.
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Measured peptides : 45
Matched peptides : 16
Mln. sequence covea^age: 47%

' v !'-

i

-:.4:tv.L,

j

wMiiy .

1

to CC :

^0 ^

* > *

\/;9a:2,:,,6o;3

420'

3:24;.V';3f3a.

237

I488"v8l3, j, ti|r,yl48i8.:.'Q,0,0^

37

.41^5; \ ^429
-2'^ 9

4i8*2i

» 1 '

H • T [

SUBSTITUTE SHEET (RULE 26)



wo 03/087353

142/170

PCT/CA03/00481

FIGURE 133
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Intensity
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40000 m/z 56000
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SEQ ID NO: 148

ATGAAAAAACTCACCGCACTTTTTAATTTGCCTGAAT^

5 TAATATGGTGTTAGATAGCCGTAAGGTTAAAGCTGGCGATCTTTTTGTGGC^

AGGTGGATGGAAATCAATTTATTGATTCTGCTCTTCATTCTGGTGCGAGTG^^

ACAGAATTATCCAGCGAGCATTTAACTGTAGCGTTTATCGGGAATGTTCCCGTAGT^

TCAACTTGCACATCATCTTTCATCTTTGGCGGATGTTTTCTATGATTCGCCCTCTA^

CCTTGTTGGTGTCACGGGGACAAATGGCAAAACCACTATTTCTCAATTATTAGCGCAATC

10 AATTATTGGGGCATCGTGCGGCTGTGATGGGAACCATTGGTAATGGACTTTT^

GAAGCTAAAAATACGACAGGTTCAGCAGTAGAAATTCAGTCATCTCTTTCAGCT^

CAGGTGCAGATTTTACCTCTATTGAAGTTTCATCACACGGTTTG

TTGCATTTTAAAGCAGCAATTTTCACGAAT^
GAAAATTATGCTGCAGCGAAGAAACGCTTGTTCACTGAATTAGATACCCAAATT

1 5 ATGCTGATGATGAAATTGGATACCAATGGCTAACTGAACTACCTGATGCTAT^

AATGCGGATTTTAAAGTAGGTTCACACCAATGGATGAAAGCAATA^

AGGTGCAGATATTACTTTTGAATCTAGCTGGGGTAATGGTGTTT^

CTTTTAATGTAAGTAATTTATTATTAGTAATGACCACGTTGI^

ATTTACTCGCTACGGCGAAATCTTTAAAAGGAGTATGTGGAAGAATGGAAATGA

20 AAATAAACCAACCGTTATTGTAGATTATGCGCATACACCAGATGCGTTGGAAA^

GCTGCGCGTGAACATTGCCAAGGCGAATTATGGTGCATTTT^

GAGGCAAACGTCCGTTAATGGCACAGGTTGCAGAGCAGTTTGCTGAAAAGATTATTGTGA

AGATAATCCACGAACAGAATCACAAAGCCAAATTGAAACAGATATTGTCGCTGGCTT^

ATGGAAAAAGTGGGGATTATTCCTGATCGCGCACAGGCGATCCAGTTTGCGATTGAAAGTGCGG

25 TAGAAAATGACGTGATTTTAATTGCTGGAAAGGGGCACGAGCATTATC

AGTTGTGCATTTTTCCGACCAAGAAATTGCACTTGATTT
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SEQ ID NO: 149

MKKLTALFNLPELKNDIELHNMVLDSRKVKAGDLFVAIKGHQVDGNQFIDS

ALHSGASAVVSETELSSEHLTVAFIGNVPVVKYYQLAHHLSSLADVFYDSPSNNLT

LVGVTGTNGKTTISQLLAQWAELLGHRAAVMGTIGNGLFGQIVEAKNTTGSAVEI

QSSLSAFKHAGADFTSmVSSHGLAQHRVEALHFKAAIFTNLTRDHLDYHQSMENY

AAAKKEa.FTELDTQIKVINADDEIGYQWLTELPDAIAVSMNADFKVGSHQWMK^

MHYHFKGADITFESSWGNGVLHSPLIGAFNVSNLLLVMTTLLSFGYPLENLLATAK

SLKGVCGRMEmQYP]S0O»TVIVDYAHTPDALEKALIAAREHCQGELWCIFGCGGD

MDRGKRPLMAQVAEQFAEKnVTKDNPRTESQSQffiTDIVAGFKNMEKVGnPDRAQ

AIQFAIESAVENDVILIAGKGHEHYQnGSEVVHFSDQEIALDFLK-
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SEQ ID NO: 150

ATGAAAAAACTCACCGCACTTTTTAATTTGCCTGAATTAAAGAATGATATAGAACTCCA

5 TAATATGGTGTTAGATAGCCGTAAGGTTAAAGCTGGCGATCTTTTTGTGGCGATAAAAGGTCATC

AGGTGGATGGAAATCAATTTATTGATrCTGCTCTTCATTCTQGTGCGAGTGCGGTGGTTTCTGAG

ACAGAATTATCCAGCGAGCATTTAACTGTAGCGTTTATCGGGAATGTTCCCGTAGTGAAATATTA

TCAACTTGCACATCATCnTrCATCnTTGGCGGATGTTTTCTATGATTCGCCCTCTAACAAl^

CCTTGTTGGTGTCACGGGGACAAATGGCAAAACCACTATTTCTCAATTATTAGCGCAATGGGCGG

10 AATTATTGGGGCATCGTQCGGCTGTGATGGGAACCATTGGTAATGGACriTTTGGGCAAATTGTA

GAAGCTAAAAATACGACAGGTTCAGCAGTAGAAATrCAGTCATCTCTTTCAGCTTTCAAACACG

CAGGTGCAGATTITACCTCTATTGAAGlTrCATCACACGGTTTGGCGCAGCATCGTGTAGAAGCC

TTGCATTTTAAAGCAGCAATTITCACGAATTTAACCCGTGATCATCTAGAT^

GAAAATTATGCTGCAGCGAAGAAACGCTTGTTCACTGAATTAGATACCCAAATTAAAGTGATTA

15 ATGCTGATGATGAAATTGGATACCAATGGCTAACTGAACTACCTGATGCTATTGCCGTAAGTATG

AATGCGGATTTTAAAGTAGGTTCACACXAATGGATGAAAGCAATAAATATCCATTATCAl^

AGGTGCAGATATTACTlTrGAATCTAGCTGGGGTAATGGTGTTTTGCATAGCCCATTAATTGGTG

CTTTTAATGTAAGTAATTTATTATTAGTAATGACCACGTTGTTATCGTTTGGTTAC

ATTTACTCGCTACGGCGAAATCTTTAAAAGGAGTATGTGGAAGAATGGAAATGATTCAATATCC

20 AAATAAACCAACCGTTATTGTAGATTATGCGCATACACCAGATGCGTTGGAAAAAGCGTroATT

GCTGCGCGTGAACATTGCCAAGGCGAATTATGGTGCATITTTGGTTGTGGCGGAGACCGTGATA

GAGGCAAACGTCCGTTAATGGCACAGGTTGCAGAGCAGTTTGCTGAAAAGATTATTGTGACAAA

AGATAATCCACGAACAGAATCACAAAGCCAAATTGAAACAGATATrGTCGCTGGCTTTAAAAAT

ATGGAAAAAGTGGGGATTATTCCTGATCQCGCACAGGCGATCCAGTTTGCGATTGAAAGTGCGG

25 TAGAAAATGACGTGATirrAATTGCTGGAAAGGGGCACGAGCATTATCAAATTATTGGTTCGGA

AGTTGTGCATITITCCGACCAAGAAATrGCACTTGATTTCITAAAATAA
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SEQIDNO: 151

MKKLTALFNLPELKJSIDIELHNMVLDSRKVKAGDLFVAIKGHQVDGNQFIDS

5 ALHSGASAVVSETELSSEHLTVAFIGNVPVVKYYQLAHHLSSLADVFYDSPSNNLT

LVGVTGTNGKTTISQLLAQWAELLGHRAAVMGTIGNGLFGQIVEAKNTTGSAVEI

QSSLSAFKHAGADFTSIEVSSHGLAQHRVEALHFKAAIFTNLTRDHLDYHQSMENY

AAAKKia.FTELDTQIKVINADDEIGYQWLTELPDAIAVSMNADFKVGSHQWMKAI

NIHYHFKGADITFESSWGNGVLHSPLIGAFNVSNLLLVMTTLLSFGYPLENLLATAK

10 SLKGVCGRMEMIQYPNKPTVrVDYAHTPDALEKALIAAREHCQGELWCIFGCGGD

MDRGKia»LMAQVAEQFAEKirVTKDNPRTESQSQIETDIVAGFKNIVIEKVGIIPDI^

AIQFAIESAVENDVILIAGKGHEHYQnGSEWHFSDQEIALDFLK-
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SEQIDNO: 152

ForwardPGR Primer

5 GCGGCGGCCCATATGAAAAAACTCACCGCACTTTTTAATTTG

SEQIDNO: 153

10

Reverse PGR Primer

GGGGGGATCCTTTTAAGAAATCAAGTGCAATTTC

I
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TABLE 33 Properties of UDP-N-acetylmuramoylalanyl-D-glutamate from H.

influenzae

TABLE 33 ~ UDF-N-acetylmuramoylalanyl-D-glutamate from H. influenzae - SEQ ID

NO: 148-SEQIDNO: 151

Melting temperature ("C) ofSEQ ID NO: 152 (forward PGR
primer)

78

Restriction enzyme for SEQ ID NO: 152 (forward PGR primer)

Melting temperature ("G) of SEQ ID NO: 153 (reverse PGR
primer)

Restriction enzyme for SEQ ID NO: 153 (reverse PGR primer)

Number ofnucleic acid residues in SEQ ID NO: 148

Number ofamino acid residues in SEQ ID NO: 149

Number of different nucleic acid residues between SEQ ID NO:
148 and SEQ ID NO: 150

Number of different amino acid residues between SEQ ID NO:
149 and SEQ ID NO: 151

Calculated molecular weight ofSEQ ID NO: 149 polypeptide

(kDa)

Calculated pl ofSEQ ID NO: 149 polypeptide

Solubility ofSEQ ID NO: 151 polypeptide, determined as

described in EXAMPLE 2 (with the His tag at the N-terminus)

Ndel
60

BamHI
1467

488

0

0

53.523

5.8

Approaching one

iMrd

Amount ofpurified polypeptide having SEQ ID NO: 151,

prepared and purified as described in the Exemplification (mg/L

of culture). The polypeptide so expressed and purified is His

tagged and has the additional amino acid residues ofSEQ ID

NO: 1 at the N-terminus as described in EXAMPLE 6.

35.90

Amount ofpurified polypeptide having SEQ ID NO: 151 soluble

in buffer, as described in EXAMPLE 8 (mg/ml ofbuffer)

61.00

Z-score for the peptide fingerprint mapping analysis of

polypeptide having SEQ ID NO: 151, determined as described in

EXAMPLE 9

3.60E-07

Number ofmatched peptides in the peptide fingerprint mapping

analysis ofpolypeptide having SEQ ID NO: 151, determined as

described in EXAMPLE 9

17

Minimum sequence coverage in the peptide fmgerprint mapping

analysis ofpolypeptide having SEQ ID NO: 151, determined as

described in EXAMPLE 9

Calculated molecular weight ofSEQ ID NO: 149 polypeptide

(Da), determined as described in EXAMPLE 10

Experimental molecular weight ofSEQ ID NO: 151 polypeptide

(Da), determined as described in EXAMPLE 10

34%

55556

55819

Results ofprotein interaction stiidy described in EXAMPLE 11, EXAMPLE 12,

EXAMPLE 13 and EXAMPLE 14. No interacting proteins were observed by using at

least one of the methods described in those examples.
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TABLE 34 Bioinformatic Analyses of UDP-N-acetylmuramoylalanyl-D-glutamate

from H. influenzae

TABLE 34 ~ UDP-N-acetylmuramoylalanyl-D-glutamate from H. influenzae - SEQ ID

NO: 148-SEO ID NO: 151

POCt Cateeorv cell membrane biogenesis

Is SEQ ID NO: 149 classified as an essential yes

Most closely related protein from PDB to

SiFO ID NO- 149

Udp-N-Acetylmuramoylalanyl-D-

Glutamate-, (le8c_B)

Source organism for closest PDB protein to

SFO ID TSTO* 149

E. coll

e-value for closest PDB Protein to SEQ ID

NO: 149

lE-145

% Tdentitv between SEQ ID NO* 149 and

the closest protein from PDB
54

% Positives between SEQ ID NO: 149 and
tli<* r*lnQpQt nrotein "fTOtn PDB

69

Number ofProtein Hits in the VGDB to

SEQ ID NO: 149

12

Number of Microorganisms having VGDB
Hits to SEQ ID NO: 149

12

Microorganisms having VGDB Hits to SEQ
ID NO: 149^

ecoli nmen bbur saur efae rpro

spne ctra bsub hinfhpyl paer

First predicted epitopic region of SEQ ID

NO: 149: amino acid sequence, rank score,

amino acid residue niunbers

SEQ ID NO: 154 :SEHLTVAFIGNVPVVK-
YYQLAHHLSSLADVFYD, 1.209, 68->100

Second predicted epitopic region of SEQ ID

NO: 149: amino acid sequence, rank score,

amino acid residue numbers

SEQ ID NO: 155 :VSNLLLVMTTLLS-
FGYPLENELATAK, 1.186, 305">330

Third predicted epitopic region ofSEQ ID

NO: 149: amino acid sequence, rank score,

amino acid residue numbers

SEQ ID NO: 156 : NGVLHSPLIGAF,
1.174, 292->303

5 ^Organisms are abbreviated as follows: ecoli = Eschericia coin hpyl = Helicobacter

pylori; pa^er ^ Pseudomonas aeruginosa; ctxsi Chlaydia trachomatis; hinf Haemophilus

influenzae; nmen = Neisseria meningitidis; rpxx = Rickettsia prowazekii; bbur = Borrelia

burgdorferi; bsub = Bacillus subtilis; staph = Staphylococcus aureus; spne = Streptococcus

pneumoniae; mgen = Mycoplasma genitalium; efae = Enter^ococcusfaecalis,
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Measured peptides
Matched peptides
Min . sequence coverage

37
17
34%
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SEQIDNO: 157

ATGAACGCCTATCAAAACAAAAATATTACTATCATCGGGCTTGGCAAAACAGGTCT^

5 TTGTGTGGATTATCTCTTATCCCAACAGGCTAATATTCGTGTGATTGATACTCGAAAAAATCCTA

CTGGTATTGATAAACTTCCTCAAAATATCCCTCTTCATACTGGTAGTTTAAATCAGGAATG

CTTGAAAGCGATATGATTGTTATTAGCCCAGGGCTTGCGGTAAAAACACCAGAAATTC

CACrrAAAGCGGGAGTGGAAGTAATCGGCGATATTGAATTATTCTGCCGCGCAGCGACAA^

AATTGTGGGGATTACAGGTTCAAATGGTAAAAGTACCGTAACTACTTTAGT^

10 AAAGCTGCTGGTGTGAAAGTTGGTATGGGCGGAAATATTGGGATTCCCGCTTTG^^

TGAAGATTGTGAACTTTATGTACTAGAGCTTTCTAGTTTTCAGC^

AAGCTGCGGCAGCGACTGTCTTGAACGTGACTGAAGATCATATGGATCGCTATATGGATT^

AGATTATCGCCAAGCAAAATTACGCATTTATCATAATGCTAAAGTAGGTGT^

GATAGGCTGACTTTTGGGGAAAACGAAAATCAAGCGAAACATACCGT^

1 5 GTGCGGATTATTGGCTAAAAACTGAAAATGGCAAGCAATATTTAATGGTA^

TTTACCTTGTGAAGAAGCTACATTGGTTGGTCGCCATAATTATATGAACAT^

CATTGGCACAAGCTATAGGTATTAATTTAGATTCAATTCGTACCGCACT^^

TTAGATCATCGTTTTCAATTAGTGCATCAAGCTAATGGCATTCGTTGGAT^

AACAAATGTGGGGAGTACAGTTGCTGCATTGGCTGGGCTTTATATTGAGGGTAAAT^

20 TGCTAGGCGGAGACGGAAAAGGGGCTGATTTTTCAGAATTAGCTGAAT^

CATTATTTGTTATTGTTTTGGTCGAGATGGTGCGCTGCTTGCAA^

GTTCGATACAATGGAACAAGCGATAGAATTTTTACGCCCAACAT^

TTATTGTCGCCTGCTTGTGCAAGTCTCGATCAGTTTGCTTCTTT^

ACGCATTTAGCTCAATGTTTAACCTAA
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SEQIDNO: 158

MNAYQNKNITIIGLGKTGLSCVDYLLSQQANIRVIDTRKNPTGIDKLPQNIPLHTGSLNQEWL

5 LESDmVISPGLAVKTPEIQTALKAGVEVIGDmLFCRAATKPIVGITGSNGKSTV^

KVGMGGNIGIPALSLLNEDCELYVLELSSFQLErrYSLKAAAATV^

LRIYHNAKVGVLNNEDRLTFGENENQAKHTVSFAENSADYWLKTENGKQYLMVKDEVILPCEEATL

VGRHNYMNILAATALAQAIGINLDSIRTALRHFKGLDHRFQLVHQ^

AGLYIEGKLHLLLGGDGKGADFSELAELINQPHIICYCFGRDGALLAKFSSQSYLFDTMEQAIEFL^

10 LQSGDMVLLSPACASLDQFASFEKRGEEFTHLAQCLT
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SEQ ID NO: 159

ATGAACGCCTATCAAAACAAAAATATTACTATCATCGGGCTTGGCAAAACAGGTCT^

5 TTGTGTGGATTATCTCTTATCCCAACAGGCTAATATTCGTGTGATTGATACTCGAAAAAA^

CTGGTATTGATAAACTTCCTCAAGATATCCCTCTTCATACTGGTAGTTT/^

CTTGAAAGCGATATGATTGTTATTAGCCCAGGGCTTGCGGTAAAAACACCAGAAAT^

CACTTAAAGCGGGAGTGGAAGTAATCGGCGATATTGAATTATTCTGCCGCGCAGCGACAAAGCC

AATTGTGGGGATTACAGGATCTAATGGTAAAAGTACCGTAACTACTTTAGTTT

10 AAACGTGCTAGAGTTAGAGTTGGTATGGGCGGAAATATTGGGATTCCCGCTTTGTCATTGCT

TGAGGATTGTGAACITTATGTACTAGAGCTTTCTAGI^^

AAGCTGCGGCAGCGACTGTCTTGAACGTGACTGAAGATCATATGGATCGCTATATGGAT^

AGATTATCGCCAAGCAAAATTACGCATTTATCATAATGCTAAAGTAGGTGTGT^

GATAGGCTGACTITTGGGGAAAACGAAAATCAAGCGAAACATACC

1 5 GTGCGGATTATTGGCTAAAAACTGAAAATGGCAAGCAATATTTAATGGTi^^

TTTACCITGTGAAGAAGCTACATTGGTTGGTCGCCATAAT^

CATTGGCACAAGCTATAGGTATTAATTTAGATTCAATTCGTACCGCACTTCGT^

TTAGATCATCGTTTTCAATTAGTGCATCAAGCTAATGGCATTCGTTGGAT^

AACAAATGTGGGGAGTACAGTTGCTGCATTGGCTGGGCTTTATATTGAGGGTAAAT^

20 TGCTAGGCGGAGACGGAAAAGGGGCTGATTTTTCAGAATTAGCTGAATTA^

CATTATTTGTTATTGTTTTGGTCGAGATGGTGCGCTGC^

GTTCGATACAATGGAACAAGCGATAGAATTTTTACGCCCAACATTGCA^

TTATTGTCGCCTGCTTGTGCAAGTCTCGATCAGTTTGCTTCTTT^

ACGCATTTAGCTCAATGTTTAACCTAA
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SEQ ID NO: 160

MNAYQNKMTIIGLGKTGLSCVDYLLSQQANIRVIDTRKNPAGIDKLPQDIPL

5 HTGSLNQEWLLESDMIVISPGLAVKTPEIQTALKAGVEVIGDIELFCRAATKPIVGIT

GSNGKSTVTTLVYEMAKRARVRVGMGGNIGIPALSLLNEDCELYVLELSSFQLETA

YSLKAAAATVLNVTEDHMDRYMDLEDYRQAKLMYHNAKVGVLN^DRLTFGE

NENQAKHTVSFAENSADYWLKTENGKQYLMVKDEVILPCEEATLVGRHNYMNIL

AATALAQAIGINLDSIRTALRHFKGLDHRFQLVHQANGIRWINDSKATWGSTVAA

10 LAGLYIEGKLHLLLGGDGKGADFSELAELINQPHnCYCFGRDGALLAKFSSQSYLF

DTMEQAIEFLRPTLQSGDMVLLSPACASLDQFASFEKRGEEFTHLAQCLT-
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SEQ ID NO: 161

Forward PGR Primer

CGCGGGGTACCATGAACGCCTATCAAAACAAAAATATTAC

SEQ ID NO: 162

Reverse PGR Primer

GCGCGGATGCGGTTAAAGATTGAGGTAAATGC
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TABLE 35 Properties of UDP-N-acetylmuramoylalanine—D-glutamate ligase from H.

influenzae

TABLE 35 --UDP-N-acetylmuramoylalanine--D--glutamate ligase from if. influenzae

SEQ ID NO: 157-SEQ ID NO: 160

Melting temperature ("C) ofSEQ ID NO: 161 (forward PGR
primer)

74

Restriction enzyme for SEQ ID NO: 161 (forward PGR primer) Kpnl

Melting temperature (^C) 9fSEQ ID NO: 162 (reverse PGR
primer)

60

Restriction enzyme for SEQ ID NO: 162 (reverse PGR primer) BamHI
Number ofnucleic acid residues in SEQ ID NO: 157 1314

Number of amino acid residues in SEQ ID NO: 158 437

Number of different nucleic acid residues between SEQ ID NO:
157 and SEO ID NO: 159

13

Number of different amino acid residues between SEQ ID NO:
158 and SEO ID NO: 160

6

Calculated molecular weight ofSEQ ID NO: 158 polypeptide

(kDa)

47.907

Calculated dI ofSEO ID NO: 158 nolvDeotide 5.4

Solubility ofSEQ ID NO: 160 polypeptide, determined as

described in EXAMPLE 2 (with the His tag at the N-terminus)

Approximately two
thirds

Amount of nurified nolvnentide having SEO ID NO: 160.

prepared and purified as described in the Exemplification (mg/L

of cultxnre). The polypeptide so expressed and purified is His

tassed and has the additional amino acid residues ofSEO ID
NO: 1 at the N-terminus as described in EXAMPLE 6.

20.90

Amoimt ofpurified polvpeptide having SEO ID NO: 160 soluble

in buffer, as described in EXAMPLE 8 (mg/ml ofbuffer)

54.30

Z-score for the peptide fingeiprint mapping analysis of

polypeptide having SEQ ID NO: 160, determined as described in

EXAMPLE 9

2.40E-05

Number ofmatched peptides in the peptide fingerprint mapping
analysis ofpolypeptide having SEQ ID NO: 160, detennined as

described in EXAMPLE 9

14

Minimum sequence coverage in the peptide fingerprint mapping

analysis ofpolypeptide having SEQ ID NO: 160, determined as

described in EXAMPLE 9

32%

Calculated molecular weight ofSEQ ID NO: 158 polypeptide

(Da), determined as described in EXAMPLE 10

49938

Experimental molecular weight of SEQ ID NO: 106 polypeptide

(Da), determined as described in EXAMPLE 10

53219

Results ofprotein interaction study described in EXAMPLE 11, EXAMPLE 12,

EXAMPLE 13 and EXAMPLE 14. The identity of an interacting protein identified by

using at least one ofthe methods described in those examples is: ~96 kDa unidentified

protein.
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TABLE 36 Bioinformatic Analyses of UDP-N-acetylmuramoylalanine—D-glutamate

ligase from H. influenzae

TABLE 36 ~ UDP-N-acetylmuramoylalamne--D-glutamate ligase from H. influenzae —
SEQ ID NO: 157-SEQ ID NO: 160

COG Category cell membrane biogenesis

Is SEO ID NO: 158 classified as an essential gene? yes

Most closely related protein from PDB to SEQ ID NO:
158

Udp-N-Acetylmuramoyl-L-
Alanine: D-Glutamate,

(leeh_A)

Source organism for closest PDB protein to SEQ ID
NO: 158

E. coli

e-value fr)r closest PDB Protein to SEQ ID NO: 158 lE-145

% Identity between SEQ ID NO: 158 and the closest

protein from PDB
61

% Positives between SEQ ID NO: 158 and the closest

protein from PDB
73

Number ofProtein Hits in the VGDB to SEQ ID NO:
158

12

Number ofMicroorganisms having VGDB Hits to SEQ
ID NO: 158

12

Microorganisms having VGDB Hits to SEQ ID NO:
158^

ecoli mnen bbur saur rpro efae

ctra bsub spne hinfhpyl paer

First predicted epitopic region of SEQ ID NO: 158:

amino acid sequence, rank score, amino acid residue

numbers

SEQ ID NO: 163 :

LAELINQPmiCYCFGR,
1.212, 356->372

Second predicted epitopic region ofSEQ ID NO: 158:

amino acid sequence, rank score, amino acid residue

numbers

SEQ ID NO: 164 :

GDMVLLSPACASLDQF,
1.205, 404->419

Third predicted epitopic region of SEQ ID NO: 158:

amino acid sequence, rank score, amino acid residue

numbers

SEQ ID NO: 165 :

TGLSCVDYLLSQQ, 1.191,

17->29

5 Organisms are abbreviated as follows: ecoli == Eschericia coli; hpyl = Helicobacter

pylori; paer = Pseudomonas aeruginosa; ctra == Chlaydia trachomatis; hinf= Haemophilus

influenzae; nmen = Neisseria meningitidis; rpxx == Rickettsia prowazekii; bbur = Borrelia

burgdorferi; bsub = Bacillus subtilis; staph = Staphylococcus aureus; spne = Streptococcus

pneumoniae; mgen = Mycoplasma genitalium; efae = Enterococcusfaecalis,

10
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SEQIDNO: 166

ATGTTCATGCGAAGACACGCGATAATTTTGGCAGCAGGTAAAGGCACAAGAATGAAAT

5 CTAAAAAGTATAAAGTGCTACACGAGGTTGCTGGGAAACCTATGGTCGAACATGTATTGGAAAG

TGTGAAAGGCTCTGGTGTCGATCAAGTTGTAACCATCGTAGGACATGGTGCTGAAAGTGTAAAA

GGACATTTAGGCGAGCGTTCTTTATACAGTTTTCAAGAGGAA^

GCAAATGGCGAAATCACACTTAGAAGACAAGGAAGGTACGACAATCGTTGTATGTGGTGACACA

CCGCTCATCACAAAGGAAACATTAGAAACATTGATTGCGCATCACGAGGATGCTAATGCTCAAG

10 CAACTGTATTATCTGCATCGATTCAACAACCATATGGATACGGAAGAATCGTTCGAAATGCGTCA

GGTCGTTTAGAACGCATAGTTGAAGAGAAAGATGCAACGCAAGCTGAAAAGGATA^

ATTAGTTCAGGTATTTTTGCGTTTAATAATAAAACGT^

TGATAATGCGCAAGGTGAATATTACCTCCCTGATGTATTGTCGTTAATTTTA^

TCGTAGAAGTCTATCGTACCAATGATGTTGAAGAAATCATGGGTGTAAATGATCGTGTAATGCT^

15 AGTCAGGCTGAGAAGGCGATGCAACGTCGTACGAATCATTATCACATGCTAAATGGTGTGACAA

TCATCGATCCTGACAGCACTTATATTGGTCCAGACGTTACAATTGGTAGTGATACAGTCAT^

CCAGGCGTACGAATTAATGGTCGTACAGAAATTGGCGAAGATGTTGTTATTGGTCAG^^

AATTAACAATAGTACGATTGAAAATGGTGCATGTATTCAACAGTCTGTTGTTAATGAT^

TAGGAGCGAATACTAAGGTCGGACCGTTTGCGCAATTGAGACCAGGCGCGCAATTAGGTGCAGA

20 TGTTAAGGTTGGAAATTTTGTAGAAATTAAAAAAGCAGATC

CATTTAAGTTATATTGGCGATGCTGTAATTGGCGAACGTACTAATATTGGTTGC^

AGTTAACTATGATGGTGAAAATAAATTTAAAACTATCGTCGGCAAAG^

ATGTTAATTTAGTAGCACCTGTAACAATTGGTGATGATGTATTGGTGGCAGCTGGTTCC^

ACAGATGACGTACCAAATGACAGTTTAGCTGTGGCAAGAGCAAGACAAACAACAAAAG^
25 TATAGGAAATAA
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SEQIDNO: 167

MFMRRHAIILAAGKGTRMKSKKYKVLHEVAGKPMVEHVLESVKGSGVDQ

VVTIVGHGAESVKGHLGERSLYSFQEEQLGTAHAVQMAKSHLEDKEGTTIWCGD

TPLITKETLETLIAHHEDANAQATVLSASIQQPYGYGRIVKNASGRLERIVBBKDAT

QAEKDINEISSGmAFNNKTLFEKLTQVK]SnDNAQGEYYLPDVLSLILNDGGIVE\^

TNDVEEmGVNDRVMLSQAEKAMQRRTNHYHMLNGVTimPDSTYIGPDVTO^

TVIEPGVRINGRTEIGEDVVIGQYSEINNSTIENGACIQQSVVNDASVGANTKVGPFA

QLRPGAQLGADVKVGNFVEIKKADLKDGAKVSHLSYIGDAVIGERTNIGCGTITVN

YDGENKFKTIVGKDSFVGCNVNLVAPVTIGDDVLVAAGSTITDDVPNDSLAVARA

RQTTKEGYRK-
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SEQIDNO: 168

ATGTTCATGCGAAGACACGCGATAATTTTGGCAGCAGGTAAAGGCACAAGAATGAAAT

5 CTAAAAAGTATAAAGTGCTACACGAGGTTGCTGGGAAACCTATGGTCGAACATGTAI^

TGTGAAAGGCTCTGGTGTCGATCAAGTTGTAACCATCGTAGGACATGGTGCTGAAAGTGTAAAA

GGACATTTAGGCGAGCGTTCTTTATACAGTTTTCAAGAGGA^

GCAAATGGCGAAATCACACTTAGAAGACAAGGAAGGTACGACAATCGTTGTATGTGGTGACACA

CCGCTCATCACAAAGGAAACATTAGAAACATTGATTGCGCATCACGAGGATGCTAATGCTCA^
10 CAACTGTATTATCTGCATCGATTCAACAACCATATGGATACGGAAGAATCGTTCGAAATGCGTCA

GGTCGTTTAGAACGCATAGTTGAAGAGAAAGATGCAACGCAAGCTGAAAAGGATA^
ATTAGTTCAGGTATTTTTGCGTTTAATAATAAAACGTTGT^

TGATAATGCGCAAGGTGAATATTACCTCCCTGATGTATTGTCGTTAATTT^

TCGTAGAAGTCTATCGTACCAATGATGTTGAAGAAATCATGGGTGTAAATGATCGTGTAATGCTT
1 5 AGTCAGGCTGAGAAGGCGATGCAACGTCGTAAGAATCATTATCACATGCTAAATGGTGTGACi^

TCATCGATCCTGACAGCACnTATATTGGTCCAGACGTTACAATTGGTAGTGATACAGTC

CCAGGCGTACGAATTAATGGTCGTACAGAAATTGGCGAAGATGTTGTTATTGGTCAGTACTC^

AATTAACAATAGTACGATTGAAAATGGTGCATGTATTCAACAGTCTGTTGTTAATG^^

TAGGAGCGAATACTAAGGTCGGACCGTTTGCGCAATTGAGACCAGGCGCGCAATTAGGTGCAGA
20 TGTTAAGGTTGGAAATTTTGTAGAAATTAAAAAAGCA

CATTTAAGTTATATTGGCGATGCTGTAATTGGCGAACGTACTAATATTGGT^

AGTTAACTATGATGGTGAAAATAAATTTAAAACTATCGTCGGCAAAGATTC^

ATGTTAATTTAGTAGCACCTGTAACAATTGGTGATGATGTATTGGTGGCAGCTGGTTCCACAATC

ACAGATGACGTACCAAATGACAGTTTAGCTGTGGCAAGAGCAAGACAAACAACAAAAGAAGGA
25 TATAGGAAATAA

1
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SEQ ID NO: 169

MFMRJEIEIAIILAAGKGTRMKSKKYKVLHEVAGKPMVEHVLESVKGSGVDQ

5 WTIVGHGAESVKGHLGERSLYSFQEEQLGTAHAVQMAKSHLEDKEGTTIVVCGD

TPLITKETLETLIAHHEDANAQATVLSASIQQPYGYGRIVRNASGRLERIVEEKDAT
m

QAEKDINEISSGIFAPNNKTLFEKLTQVKNDNAQGEYYLPDVLSLILNDGGIVEVY^

TNDVEEIMGVNDRVMLSQAEKAMQRRKNHYHMLNGVTiro^

TVIEPGVRINGRTEIGEDWIGQYSErNNSTIENGACIQQSVVNDASVGANTKVGPFA

10 QLRPGAQLGADVKVGNFVEIKKADLKDGAKVSHLSYIGDAVIGERTNIGCGTITVN
YDGElSDBaFKTIVGKDSFVGCNVNLVAPVTIGDDVLVAAGSTITDDVPNDSLAVARA

RQTTKEGYRK-
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SEQIDNO: 170

Forward PGR Primer

CGCGGGGTACCATGTTCATGCGAAGACACGC

SEQIDNO: 171

Reverse PGR Primer

GGGGGGATGGTTTGCTATATGGTTGTTTTGTTG
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TABLE 37 Properties of UDP-N-acetylglucosamine pyrophosphorylase from S. aureus

TABLE 37 -- UDP-N-acetylglucosamine pyrophosphorylase from S, aureus -- SEQ ID

NO: 166-SEO ID NO: 169

Melting temperature CC) ofSEQ ID NO: 170 (forward PGR
primer)

60

Restriction enzyme for SEQ ID NO: 170 (forward PGR primer) Kpnl

Melting temperature ("G) ofSEQ ID NO: 171 (reverse PGR
primer)

60

Restriction enzyme for SEQ ID NO: 171 (reverse PGR primer) BamHi
Number of nucleic acid residues in SEQ ID NO: 166 1359

Number ofamino acid residues in SEQ ID NO: 167 452

Nxmiber of different nucleic acid residues between SEQ ID NO:
166 and SEQ ID NO: 168

1

Number of different amino acid residues between SEQ ID NO:
167 and SEQ ID NO: 169

1

Galculated molecular weight ofSEQ ID NO: 167 polypeptide

(kDa)

48.811

Galculated pi ofSEQ ID NO: 167 polypeptide 5,4

Solubility ofSEQ ID NO: 169 polypeptide, determined as

described in EXAMPLE 2 (with the His tag at the N-terminus)

Approaching 100%

Solubility ofSEQ ID NO: 169 polypeptide, determined as

described in EXAMPLE 2 (with the His tag at the G-temiinus)

Approaching 100%

Amount ofpxmfied polypeptide having SEQ ID NO: 169,

prepared and purified as described in the Exemplification (mg/L

of culture). The polypeptide so expressed and purified is His

tagged and has the additional an[xino acid residues ofSEQ ID

NO: 1 at the N-terminus as described in EXAMPLE 6.

17.82

Amoimt ofpurified polypeptide having SEQ ID NO: 169 soluble

in buffer, as described in EXAMPLE 8 (mg/ml ofbuffer)

13.90

Z-score for the peptide fingerprint mapping analysis of

polypeptide having SEQ ID NO: 169, determined as described in

EXAMPLE 9

7.90E-09

Number ofmatched peptides in the peptide fingerprint mapping

analysis ofpolypeptide having SEQ ID NO: 169, determined as

described in EXAMPLE 9

13

Minimum sequence coverage in the peptide fingerprint mapping

analysis ofpolypeptide having SEQ ID NO: 169, determined as

described in EXAMPLE 9^

37%

Galculated molecular weight ofSEQ ID NO: 167 polypeptide

(Da), determined as described in EXAMPLE 10

50841

Experimental molecular weight of SEQ ID NO: 169 polypeptide

(Da), determined as described in EXAMPLE 1

0

51220

Results ofprotein interaction study described in EXAMPLE 11, EXAMPLE 12,

EXAMPLE 13 and EXAMPLE 14. The identity ofan interactmg protein identified by

using at least one of the methods described in those examples is: enolase (gi| 13700667).
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NO^l^^^SEQ^m N^^
pyrophosphorylase from S, aureus SEQ ID

sequence ofSEQ ID NO: 169, prepared and purified

?^o/1,?^^lnn°TL?^
^"'"'''^^ ^ ^^^^^^^'^ "^^"^g ^« foUowing Conditions:

20 /o PEG 4000, 10% isopropanol, O.IM HBPES pH 7.5. In addition, crystals ofthe same
polypeptide may be prepared under the following conditions: 24% PEG 4000 0 IMHEPES pH 7.5, 0.2M ammonium Sulfate. Further, crystals of the same polypeptide may
be prepared under the following conditions: 30% PEG 4000, 0.IM TRIS-HCl pH8 5
0 2M lithium sulfate. Further, crystals ofthe same polypeptide may be prepared under
the following conditions: 30% PEG 4000, O.IM sodium citrate pH 5.5, 0.2M ammonium
acetate. Still further, crystals of the same polypeptide may be prepared under the
foUowmg conditions: 2M ammonium sulfate, 2% PEG 400, 0.IM sodium HEPES pH
7.5. The crystals were prepared using the following method: 20°C, sitting drop 15 to
17.8mg/ml polypeptide.

Co-crystals ofa polypeptide having the sequence ofSEQ ID NO: 169 and UTP are
obtained using the foUowing conditions: 30% PEG 4000, O.IM TRIS-HCl pH 8 5 0 2M
Uthium sulfate. The concentration ofthe polypeptide in the solution used to prepie'the
crystal was 15 mg/mL and the concentration ofthe ligand was 5 mM. The crystals were
prepared usmg the following method: 20°C, sitting drop. The subject crystalUzed
polypeptide contains the His tag described above.

SUBSTITUTE SHEET (RULE 26)



wo 03/087353

168/170

PCT/CA03/00481

FIGURE 158

TABLE 38 Bioinformatic Analyses of UDP-N-acetylglucosamine pyrophosphorylase

from aureus

TABLE 38 ~ UDP-N-acetylglucosamine pyrophosphorylase from S. aureus — SEQ ID NO:
166-SEQIDNO: 169

COG Category cell membrane biogenesis

^v-/\j \±j iNuniDcr POCtI 207

Is SEQ ID NO: 167 classified as an essential

gene:

yes

Most closely related protein from PDB to SEQ N-Acetylglucosamine- 1 -Phosphate

Source organism for closest PDB protein to S, pneumoniae

e-value for closest PDB Protein to SEQ ID NO:
167

lE-124

/o iGeniiiy Dexween oj3v^ xxj inw. 10/ ctiiu. uic

closest protein from PDB
% Positives between SEQ ID NO: 167 and the

closest protein from PDB
66

XNumDcr 01 j'roiem xiiis m me v kjljjd 10 oxii^ lu
NO: 167

Q

Number ofMicroorganisms having VGDB Hits

lAJ OXJ#v< JUL-' ±Nw . 1U /

9

Microorganisms having VGDB Hits to SEQ ID
NO: 167^

ecoU nmen saur efae hinf

spne bsub hpyl paer

First predicted epitopic region ofSEQ ID NO:
167: amino acid sequence, rank score, amino

acid residue numbers

SEQ ID NO: 172 :

NGACIQQSVVNDASVG, 1.196, 307-

>322

Second predicted epitopic region of SEQ ID
NO: 167: amino acid sequence, rank score,

amino acid residue numbers

SEQ ID NO: 173 :

KTIVGKDSFVGCNVN-
LVAPVTIGDDVLVAAG, 1.186, 395-

>425

Third predicted epitopic region ofSEQ ID NO:
167: amino acid sequence, rank score, amino

acid residue numbers

SEQ ID NO: 174 :VDQW'nVGHGAE,
1.170, 47->59

5 Organisms are abbreviated as follows: ecoU = Eschericia coli; hpyl == Helicobacter

pylori; paer = Pseudomonas aeruginosa; ctra = Chlaydia trachomatis; hinf= Haemophilus

influenzae; nmen = Neisseria meningitidis; rpxx = Rickettsia prowazekii; bbur = Borrelia

burgdorferi; bsub = Bacillus subtilis; staph = Staphylococcus aureus; spne = Streptococcus

pneumoniae; mgen = Mycoplasma genitalium; efae = Enterococcusfaecalis.

10
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Box I Observations where certain claims were found unsearcliabie (Continuation of item 1 of first sheet)

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1 . Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. ITI ciaimsNos.: 1. 8, 13, 20 and 26 (all partially)— because they relate to parts of the international Application that do not comply with the prescribed requirements to such

an extent that no meaningful International Search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

3. rj CiaimsNos.:— because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box li Observations where unity of invention is lacicing (Continuation of item 2 of first sheet)

This International Searching Authority found multiple inventions In this international application, as follows:

see additional sheet

1 . 1

I

As all required additional search fees were timely paid by the applicant, this international Search Report covers all

'—
' searchable claims.

2. As all searchable claims could be searched without effort Justifying an additional fee, this Authority did not invite payment
of any additional fee.

3.
I I

As only some of the required additional search fees were timely paid by the applicant, this International Search Report
^—

' covers only those claims for which fees were paid, specifically claims Nos.:

4.
I V I

No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

see PCT/ISA/210 annex

Remark on Protest
[ |

The additional search fees were accompanied by the applicant's protest.

I [

No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM POT/ISA/ 210

Continuation of Box 1.2

Claims Nos.: 1, 8, 13, 20 and 26 (all partially)

Claims 1, 8, 13, 20 and 26:

A polynucleotide may be clearly defined by an amino acid sequence.

However, this is not the case vice versa. A practically infinite number
of polypeptides can be deduced from a polynucleotide (6 reading frames,

varying lenghts). For this reason a meaningful search cannot be carried
out for the subject-matter of independent claim 1, 8, 13, 20 and 26

(Art. 6 PCT). The expression "a polynucleotide that hybridizes" adds

further unclarity. The expression "at least one biological activity"
cannot be used to limit the scope of a claim. The term "activity" is

very broad and encompasses biological activities such as binding
activity, immunogenic acitivity etc. which virtually any polypeptide
exhibits. Therefore, said claims have been searched as If option (c) of

claims 1, 8, 13, 20 and 26 had been deleted (Art. 17(2)(a)(ii) PCT).

The applicant's attention Is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is

normally not to carry out a preliminary examination on matter which has

not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any

Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guideline C-VI, 8.5),

should the problems which led to the Article 17(2) declaration be

overcome

.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)

inventions in this international application, as follows:

Invention 1: claims 1-26

Polypeptide comprising an amino acid sequence as in SEQ ID

NO: 5 or SEQ ID NO: 7 and subject-matter relating to SEQ ID

N0:5 or SEQ ID N0:7. Polynucleotides encoding the
polypeptide of SEQ ID NO: 5 or SEQ ID NO: 7 such as a

polynucleotide comprising a polynucleotide sequence as in

SEQ ID NO: 4 or SEQ ID NO: 6 and subject-matter relating

thereto

.

Inventions 2-19: claims 27-52, 53-78, 79-104, 105-131. 132-158.

159-184, 185-210, 211-237, 238-263, 264-289, 290-315, 316-341.

342-367, 368-393. 394-420, 421-446. 447-473 and claims 474-500,

respecti vel

y

Idem as subject 1 but limited to each of the polypeptides
and polynucleotides mentioned in the independent claims.

Invention 2 (claims 27-52) is limited to subject-matter
relating to SEQ ID NOs 13, 14, 15 and 16, invention 3

(claims 53-78) to SEQ ID NOs 22, 23, 24 and 25,

invention 19 (claims 474-500) to SEQ ID N0:157, 158. 159 and

160.
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